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THE USE OF SALT TO ASSIST ENZYMATIC 
UNHAIRING OF FRESH HIDES, WITH 
HISTOCHEMICAL OBSERVATIONS* 


\LFRI 


ABSTRACT 


Pretreatment with dilute salt solution had been TOUN 
tageous in hastening the unha ring of fresh hides with enzyme \ 
series of controlle d tests Was pre rtorme d to ¢ lui idate this re lationsh | 
betwee! salt concentration in the soak solution and the subsequent 
rate of inhan ny, utiliz ng a nuine rical scoring system to interpret 
the dat: The effect of frozen storage of tresh hide was also eval 
ated I the same manne! Results indicat d SON what different 
oncentration optima for salt treatment, depending upon whether 


or not the hide had be 1 frozen \mong four stamiung 


methods 
applied to th n sections salt tre ated hide the PAS Stalh Success 
fully demonstrated chang induced nn) the basement membrane, 


vhile a meta hron at St; mn other re irl Stl t res \V sible 


x 
INTRODUCTION 


mon methods of preserving animal skins is treatment 
atment prevents the growth of man microorganisms 
ise attack and destro the tissues Salt treatment also 

ves othe TUNCTIONS Phe g| bular proteins, unwal ted tor leather mak ny 


solubilized and partiall removed In a series of papers Kritzinger 


reported his studies on the globular proteins of animal skins be 


that 10°, sodium chloride was the optimum concentration for 

rlobular proteins from animal skin and that the concentration of 

ride had a marked effect upon the composition of the nitro 

us mate! al extra ted Roddy 1S tound that salt extraction of co 
agulable proteins trom a hide or skin while it is still in a freshly faved cond 


tion improves the leather-making properties. Buechler and Lollar (1) used 


Pe 


sodium cl at retrigerator temperature to remove the hau and 


epidermis fron Whide By this treatment the entire epidermis could be 





ENZYMATIC UNHAIRING 549 


taken off in sheets. Cordon (4) found that certain enzymes would rapidly 
loose n the hau on salt cured hides but not on fresh hides This Was con- 
trary to the hndings ot Burton, Reed, and Flint C2). Cordon also found 


that treatment of tresh hide with dilute sodium chloride made it subject to 


the action of the hair-loosening enzymes This paper presents an attempt 


to ¢ valuate this action of salt solutions by a series of controlled tests and to 


determine by means of histochemical observations the nature of the changes 


produced 
MATERIALS AND METHODS 


Hides. [he hides used in these studies were heavy steers obtained from 
a local slaughterhouse shortly after flaving. Hide A, purchased in March, 
was used for preliminary unhairing tests and for histological study after 
soaking. Hides B and C, acquired in September and October, respectively, 
were used entirely for obtaining the unhairing data reported below. All 
hides were washed with water in a drum, and portions were fleshed and 
placed in a deep-freeze chest to be thawed as needed. Other similar portions 
were refrigerated at 34 F. and used within a tew davs without treezing 


Vhree-inch squares were cut from each hide for the experimental tests. 


Enzyme. ‘The enzyme used was HT Concentrate, produced by the Taka- 
mine Laboratories* from a thermophilic bacterium Its proteolytic and 
amylolytic potencies as related to its hair-loosening ability have recently 


heen reported 5 | nless otherwise stated it was used at a concentration 


of OTF, 


Hide treatments. Soaking was carried out at room temperature in 
covered dishes. Hide pieces were completely immersed in solutions con- 
taining various concentrations of sodium chloride. For convenience the 
salt solutions were made up by adding predetermined amounts of salt to 
one-litet volumes of wate r, then the conce ntrations were calculated as grams 
per 100 grams of solution. Duplicate pieces were removed at daily intervals, 
rinsed briefly, and placed in 100 ml. enzyme solution held in covered con- 
tainers in a constant-temperature water bath at 45°C., unless otherwise 
stated. Phenyl mercuric acetate (0.15 g. perl. solution) was used throughout, 
both in the soaks and enzyme solutions, to inhibit bacterial growth. At this 
concentration the compound does not seem to interfere with enzyme action. 
Lo obtain maximum protection during prolonged incubation the solution 


should be replaced every dav. 


Estimation of hair looseness.. [he hide pieces were tested for de- 
gree of hair looseness at four 12-hour intervals during incubation by means 


of a scraping device designed for this purpose (6 The blade was drawn 


I single : ; ' titute . ent by the De 





SS the hide il I On anit load 


approximate 


StTTOKEeES O! 

} 
was estimated 
t 


S 6) 
hngers, 
complete 


CcnZzV nie 


Preparation of sections. 


atter soaking, and placed in 10 


hyde solution for at le ast t vo dav 


to lye studied Were then sectioned 


to 40 microns. Sections we 


ractiol 


and minimize Water ext 


Staining methods. 


all Sections 1n an 


> 
Cri0n 


specin 


xidize d to d alde h 


] 
Sa I irides metachromaticall 


n Mac Ilva ne buffers at pH 2. 426. 


saccharides Lhe 


87 as modihed 


alkaline NnXatiol 


colors provide 


) 


| } 





RESULTS AND DISCUSSION 


1 previous § udies on the effect of salt treatment of fresh hide on han 
: : 


hOoosel 


ymes. it had been consistently found that 


soaku youl - ro NaCl Was Necessary to permit propel loosening with 


Vas insoaked, Ol soaked in plain 


preliminary 


enzyme water or strong salt, 


resistance to ) 11} action Also it Was COon- 


action by itself (3 to 


loose ning action 


was too slow for commercial 


nrterest bye Cause 


almost the entire epidermal system 
ved mtact Kigure | shows 


a photograph of the underside 
ot this « pice rmval havel 


\ll of this work had been done with fresh hide held in the frozen state for 


varying periods. Preliminary experiments for this report emploved hide 


that had been held frozen for over six months, using salt soaks over the 
range Of, to 20°, With this material the 


enzymatic unhairing Was UnNl- 
tormly rapid in each case, showing ho diffe rence whate vel due to pretreat- 
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ment. Since no other reasonable explanation could be found, it Was deduced 
that there might be a definite effect on the hide due to frozen storage that 
could alter Its response to enzyme In a recent study Coopet and Sykes (3 
have shown that freeze-drying of fresh hide causes irreversible changes which 
prevent complete rehydration of the hide, with evidence of denaturation of 
both globular proteins and mucopolysaccharides Consequently — three 
additional fresh hide s were obtained over a pe riod of time to test se parately 


the efe cts of freezing and salt-soaking on the rate otf enzvmatic unhairing 


Tests with fresh nonfrozen hides. No unhairing data ar presente d 
here tor hide \ Since only a tew replicates were run Howe Ver, two other 
hides referred to else whe re as hide 8 and hide C were compared In Seve ral 
ways, both as nonfrozen and frozen material. Table I illustrates a repre 
sentative experiment to determine the relative effectiveness of pretreatment 
with various levels of salt in enhancing the rate of unhairing by 0.1°7 solutions 
of enzyme. This concentration of enzyme was purposely rather weak in 
order to bring out differences between treatments The scoring system, 
shown in the last two columns, was derived as follows: An arbitrary end 
point tor readings ot hair looseness 3.95 was chosen to represent a degree 
of looseness just short of absolute completion (1—100 Whenever this end 
point or a reading closer to absolute completion was re ached during exami 


nation of a hide piece, the letter X was added to the reading recorded in 


one of the four center columns, to denote scoring of one point The hide 


piece Was then discarded but was still scored as completed for any remaining 
time intervals. By adding these points horizontally for each pair of duph 
cates one obtains the numerator for the fraction recorded in the next to 
the last column. The denominator is merely the maximum possible score 
Note that this denominator when divided by four indicates the number ot 
replicates involved The last column expresses this fraction as a whole 
number for comparative purposes 

Table I] summarizes the data for both hides obtained from a number ot 
similar tests. Because of the large variability between hides as well as be 
tween pireces ot the same hide the composite scores pave the best picture ot 
the effect of treatment with solutions of varving salt concentrations It can 
be seen that soaking for two days was always a little better than for one 
day. Data were also recorded after three days (and sometimes after four 
and five days) but did not seem signihcantly different and consequently are 
not shown. Also there was a pronounced peak in activity after soaking in 
$807 salt, which conhrmed previous experience +). Howeve r, this peak did 
not recede much with increase in salt concentration, but rather a secondary 
higher peak was shown at the Saturation point This result Was quite unex 
pected. Controls without enzyme consistently showed negligible looseness, 
whether incubated in water at 45°C. or in the various salt solutions at room 


temperature 
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TABLE | 


REPRESENTATIVE EXPERIMENT SHOWING EFFECTS OF SOAKING IN 
SALT SOLUTIONS ON RATE OF ENZYMATIC UNHAIRING O} 
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Effect of lower temperature. In a series of similar tests the incubation 
temperature for enzyme treatment was lowered from 45° to 40°C. No 
significant change was seen in the unhairing scores obtained; all values were 


somewhat lower but within about 7°, of those shown in Table II. 
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rABLE II 


SUMMARY OF UNEELATRING, : FOR NONE Re 
SH Hibs 


PABLI 
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Timmy required fol soaking could he eliminated by adding low levels of salt 


it , It Was thought that perhaps the 


directly to the enzyme solution and performing both functions simultaneously 


\ number of concentrations, from 0%, to 2007, were 


tried in several tests 


with both hides at 45°C. In general the scores remained at least 10°) below 


the first peak of activity shown in Table I]; therefore this procedure was not 
as cefective as preliminary soaking In fact there was strong inhibition 
of activity with Increasing salt content, starting at about i Some evi 


dence of weak stimulation was apparent with 1°, NaCl (normal physiological 
level in living tissue Controls without enzyme began to show very slight 


haw loosening im four days with salt concentration below 5°,, but none 


( 


above this pomet 


Tests with hides preserved by freezing. [he data summarized in 
Pable ITI and which may be compared directly with Pable I] were obtained 
by using portions of hides B and C that had been held frozen for periods up 
to one month It IS apparent that in this series the re Was a much greatel 
ditterence between hides than Was noted before, since hide C consistently, 
showed lower scores than hide B \lso there was very little, if any, ad 
Vantage in soaking tor two davs rather than One Results atte soaking for 
three davs, hot shown, Were MOF typical In PIVINng higher scores tor each 
treatment It should le noted here that after soaking for two, and es- 
pecially for three davs, in the three weakest salt solutions, It Was common to 
observe appreciable hau loosene SS t with frozen hide. This did hot 
occur with the hide which had not been frozen. The average unhairing 
scores from Tables I] and II] were plotted for comparison in Fig. 2. Here 
it can be seen that hide which had been frozen always unhaired a little 
faster than that which had not been frozen. Also the two activity peaks in 
the curve for nontrozen hide are clearly evident, while the curve for frozen 
hide has just one peak, between 10°) and 20° salt. As time of frozen storage 
is extended this latter curve tends to level off. In seeking an explanation for 
this benehcial action. of froze n storage it might be considered as anothet 
manifestation of the salt effect. Lovelock and others (14, and following papers 
in the same issue) have pointed out that during slow freezing of a tissue there 
is a gradual increase in the formation of ice crystals in the intercellular 
spaces This removal of water results in a corresponding increase in the 
concentration of electrolytes dissolved In TISSUE Huids. It IS conceivable 


that the concentration could reach effective levels and that the effect could 


increase with time 


Effect f lowe ( ¢ f In a series of similar tests the incubation 


temperature Was « hanged from 45° to 40°C. as described for nonfrozen hide. 


\gain there was no significant change in scores due to change in temperature, 


and the general response to conditions of soaking remained the same. 
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FROZEN 


NON-FROZEN 


10 20 
NaCi IN SOAK, % 


oncentration im the oak on the 
cattlehicl with O.1°7 TE Co 
B Secs ol 


In a short series of tests 0.2, enzvme was sub- 
stituted for 0.16, at 45°C 


Unhatring scores averaged about 10°, higher in 
but otherwise showed the Same general response to 


almost every instance 


soaking treatment 


added dire ( tly 


iddi) alt to enzyme. 


\ series of tests with various levels of salt 


to the enzvme solutions was carried out as described above 
for nonfrozen hide. Again the frozen hide behaved in 


that which had not been frozen—there 


16; NaCl (however, the best score 


a similar manner to 


stimulation at 
was more than 10! 


was weak around 


, below the frst ac- 





tivity pe ak shown in Table []1), and the same pattern of inhibition resulted 


( Il 


with higher levels of salt When 0.2! enzyme was used u place of O1%,, 
the same general results were obtained except that the increase in inhibition 
Was MOre gradual and did not become pronounced until about sal salt con 


centration 


HISTOLOGICAL AND HISTOCHEMICAL STUDIES 


In order to obtain additional Intormation on the nanges induced in hide 
components by salt treatment, sections from soaked nonfrozen hide pleces 
were subjected to various histochemical procedures and examined micro- 
SCOP ally \lso an atte mpt was made to record some of the results photo- 
graphically for reference purposes It 1s understandably difficult to rendet 


in black and white the many shades and hues ot a stained tissue and to 


achieve good focus with relatively thick sections Cherefore it is apparent 


that more information was gained from direct microscopic examination 
than can be shown in black and white prints. Nevertheless a few photos 


Are included to help illustrate the results 


PAS stain. —It was expected that the PAS stain might prove the most 
informative, since it makes visthle polysaccharide-containing materials 
including mucopolysaccharides, mucoproteins, and glyco-proteins. One or 
more of such components are known to be present in the grain layer and 
might we lI be the pring ipal substrate concerned with hai loosening. When 
fresh, untreated hide was stained by this method (Fig. 3), the most prominent 
structure visible Was an Intense red band, ot variable thickness depending 
upon the onentation of the cutting plane, brine diate ly he low the base of the 
epide rms This is commonly referred to as the basement membrane, but 
the stained band probably includes more than the membrane proper. It 
appears to include also the uppermost zone of collagenous dermis, so modihed 
as to conta a cementing substance, ri h in polysaccharide , tor holding the 
epidermis in place by means of minute extensions of the basal cells. Muscular 
tissue Was also strongl\ stained, while a lighter shade appe ared in the epl- 
dermal cytoplasm, the background of dermis (ground substance), and the 
thicker elastin fibers. It had been observed that treatment of hide with HT 
Concentrate removed practically all trace of the bright red band. Therefore, 
it seemed logical to examine this structure for any changes brought about 
by soaking mn Various salt solutions, since these treatments were shown to 
affect the rate of unhairing Soaking In watel Kig } did not seem to alter 
the appearance ot the base ment me mbrane : although the bac keround staining 
in both dermis and epidermis was less intense However, after the hide 
was soaked in 4.8, salt (Fig. 5), the picture Was quite different The stained 
band in the dermis was broadet and THU h less intense, while the basal laver 


ot epide rinis re mained rather dark, al d the rt Was 2Yross Sé paration between 
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the layers in many places. Similar changes, to a lesser degree, were noted 
after the hide was soaked in 2.47 salt. This apparently represents an 
early stage of unhairing, which is then brought to rapid completion by the 
enzyme. Soaking the hide in 9.17 salt (Fig. 6) gave a similar result (and a 
somewhat clearer photograph), although epidermal separation is not usually 
as extensive with strong salt solutions as it is with dilute ones. Note the 
abnormally thick epidermis in this sample——a frequent observation with this 
hide. 


Crystal violet. Some effects of pretreatment were also detected with 
the crystal violet stain, which was intended to make visible globular proteins 
Freshly stained untreated hide (Fig. 7) showed intense coloration of all 
cellular elements such as epidermis, glands, blood vessels, and muscles. In 
addition there was moderate background staining throughout the grain 
layer but much weaker in the corium. Soaking the hide in water caused a 
pronounced reduction of stain intensity, especially in the epidermis. The 
weaker salt solutions (Fig. 8) did not seem to affect the cellular staining to 
any appreciable extent. However, there was a gradual but progressive 
reduction in the staining of the background of the grain as the salt content 
increased, while the corium became completely devoid of staining materials 
The maximal effect appeared to be reached at 9.1°7 salt concentration, since a 
slight reversal occurred at the highest salt levels. Although these results 
showed no direct correlation with subsequent unhairing behavior, they do 
indicate that globular proteins are not prominent in the basement membrane 


but probably are more important in relation to tanning operations. 


Metachromatic stain.— Staining with metachromatic dyes such as 
toluidine blue produced some striking color contrasts in hide sections. In 
fresh untreated hide the cell nuclei, and to some extent the cytoplasm of 
growing epidermis, appeared purplish blue, the natural color of the dye. 
However, in certain characteristic locations there were variable amounts of 
material that stained metachromatically in shades of pink to red. Staining 
at pH 4 to 6 was optimal for this purpose. The most noticeable locations 
where this appeared were the loose connective tissue around the capillary 
network of the upper grain layer, the sebaceous glands, the lower half of 
growing follicles, and the papillae of growing hairs. Also, in specialized cells 
of the upper grain layer called mast cells, the cytoplasm was filled with red 


metachromatic granules. Collagen and elastic tissue remained unstained, 


and the stratum corneum or top dead layer of epidermis was pale green. A 


section of the untreated fresh hide stained by this method at pH 6 is shown 
in Fig. 9; however, the pink and red areas are represented in this photo- 
graph by corresponding tones of medium to dark gray. Mast cells are the 
large dark spots scattered through the upper dermis. Montagna et a/ (15) 
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have shown some excellent color plates of metachromasia in growing hat 
follicles, which they associate with the process of keratinization. 

When hide pieces had been soaked in dilute salt solutions (Fig. 10), there 
appeared to be no change in the metachromatic materials of the dermis, but 
the delicate violet shade (apparently due to both blue- and pink-staining 
elements) in the lower epidermis was lost Soaking in Water or strong salt 
caused osmot disruption of the mast cells. Also it seemed that treatment 
with 9.1¢; salt or stronger reduced the intensity of the pink zones of the 
capillary beds. After treatment with the unhairing enzyme the tissues 
became devoid of metachromatic staining material. These fndings indicate 
that the basement membrane apparently contains no sulfated mucopoly- 
saccharides, but such materials are removed from the other tissues by the 
unhairing enzyme. 


Alcian blue PAS. — Alcian blue was also used to demonstrate mucins o1 


mucoids. It was found to be specific for the same structures stained by tolui- 


dine blue but without metachromatic properties, since it produced only 


shades of blue. The color formed, however, is very resistant to chemical 
reagents, which permits counterstaining by procedures such as PAS. Al- 
though it has yielded no new information, it served to confirm results obtained 


with the other staining procedures. 


SUMMARY 


Results have been presented from a number of experiments to determine 
the relative effectiveness of various salt pretreatments in stimulating the 
rate of unhairing of fresh hides with a commercial enzyme. Parallel tests 
were also included to evaluate the additional factor of frozen storage of the 
hide. It was found that frozen hide always unhaired faster than nonfrozen 
hide after the same pretreatments. Plotting the rate of unhairing as a func- 
tion of salt concentration in the soak solutions revealed that nonfrozen hide 
re sponded with two activity peaks, the first at about 5! ( salt and the second, 
a stronger one, at about 26°7 salt (saturated). With frozen hide there was 
only one broad peak, between 9 and 26°; salt. Soaking the hide for two ot 
three days caused faster unhairing than soaking for one day. There was 
no definite advantage in adding salt to the enzyme solution in place of pre- 
liminary soaking in salt solution, nor was there any real difference in results 
whether the enzyme solution was incubated at 40° or 45°C. 

Histochemical evidence suggested several possible effects of salt pretreat- 
ment. The PAS stain, broadly specific for polysaccharide components, 
demonstrated a prominent structure referred to as the basement membrane 
(junction of dermis and epidermis) which is apparently the principal site 
of unhairing action. Treatment with certain salt solutions altered the 
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appearance of this layer and caused preliminary separation of the epidermis. 
Staining with crystal violet indicated that globular proteins are not an im- 
portant constituent of this region but are subject to salt extraction. Meta- 
chromatic staining, said to be specific for acid mucopolysaccharides, failed 
to make the basement membrane visible but gave positive results in other 
locations, some of which were altered by salt treatment. Alcian blue helped 


to conhrm these results 
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DISCUSSION 


Dr. Juttus PFANNMULLER (Wallerstien Company, Inc.): We thank Dr. 


Cordon for a very interesting paper. I think Dr. Cordon’s paper looks into 
the future. As far as | know, the tanners are quite dissatished with chemical 
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methods in unhairing hides and skins and are looking towards enzymatic 
methods. Whether such enzymatic methods will ever be realized on a large 
scale, we do not know. Of course, we all hope they will, because the problem 
of sewage disposal would be much easier. And this is a problem in practically 
every country. 


\s to the influence of salt on enzyme unhairing, the influence of salt on 
chemical unhairing of skins is known. We know that it dissolves certain 
globulins. Generally we might say that salt interferes in chemical unhairing 
of skins with lime. High salt concentration in enzymatic unhairing should 
also interfere. However, according to this paper, it seems that a small 
addition of salt aids enzymatic unhairing. 


Now we have to see the practical side of enzymatic unhairing. Enzymatic 
unhairing in this country was carried out on a large scale on goatskins. But 
according to Dr. Cordon, the technical process was only carried out by first 
swelling the skins with caustic and then unhairing with enzymes. 


| think Dr. Cordon carried out his unhairing experiments on skins that 
were not pretreated with any caustic materials. He did not use a pure 
single enzyme but rather enzyme mixtures. We probably could get more 
fundamental knowledge if we would work with pure enzymes. The best 
would be to use crystalline enzymes. 


On the other hand, pure enzymes are very expensive, so enzyme mixtures 
will be used for technical unhairing. According to the findings of Dr. Cordon, 
there was a very big difference in unhairing skins that had been kept six 


months in cold storage. Now certainly, certain mechanical destruction of 


the structure of the skin caused by water crystallization should be expected. 


Salt showed no influence in unhairing hides after six months storage. Prob- 
ably some mechanical destruction of the fiber structure allowed the enzyme 
to penetrate more easily. 


| wish that some people here would tell me a little about enzymatic un- 
hairing. I hear that it is now carried out in Europe with high concentrations 
of enzymes without previous swelling of the skin. They take hides where 
the salt is thoroughly washed out. They use practically no water. Later, 
for easier mechanical unhairing, they swell the hides with a little caustic. 
That is just about the opposite of what was formerly done in the enzymatic 
unhairing process—-the one used in this country for unhairing goatskins. 


Dr. L. T. KrReEMZNER (General Foods Corp.): I would like to bring to the 
attention of the speaker some recent work reported by a Dr. Nickerson of 
Rutgers University and the Institute of Microbiology. He has reported on a 


microorganism which secretes keratinase, and this keratinase will, in a couple 
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of hours, dehair a hide Phat is all that | know about it now, except that [ 
do understand that there will be a commercial process in a short time—that 


is, the manufacture of the enzyme 


Dr. CoRDON I know of Dr. Nickerson’s work at Rutge rs, having seen an 
abstract of a paper he présented about a year ago. I believe he described 


some keratinase enzymes. I wrote to him for some of his cultures, but he 


did not answer my lettet 


We have in mind work along that line, to investigate certain purified en 


ZVmes to see the I effe cts on spe cin components of the hide 


Dr. PEFANNMULLER: | might add something: We have two basicly different 
unhairing principles. Unhairing with the proteolytic enzymes undoubtedly 
is due to a proteolytic action Phe keratinase unhairing action 1S probably 
due to a disulhde reductase enzyme, so this enzymatic action should be 
similar to that occurring in lime with sharpness. The disulfde reductase 
should break the disulfide links of the keratin, an action similar to that 
occurring in a chemical unhairing process. Disulfide reductases from an 


enzymatic standpoint are diffic ult to obtain and to dete rmine € xactly 


Dr. H. G. Turttey (Rohm & Haas, Philadelphia, Pa [ can contribute 
nothing to the matter just discussed. However, on the subject of enzymati 
unhairing, it looks like the pendulum is swinging back again. Forty vears 
ago or so, the re Was great interest in that, and the re was a certain amount 
of success achieved. Then I think we can safely say that it died out sub- 


stantially. 


My own tee ling about the matter 1s that this type ot process requires too 
much direction and study, and so forth, for the usual tanner. ‘Times have 


changed, howe ver, and we have bette pe rsonnel who have more knowledge 


and more equipment, and now we also have the problem of sewage disposal, 


so enzyme unhairing has come up again. It has cropped up, I think, due to 
the work recently done in Great Britain. I can say it is sufficiently inter- 
esting in Europe that at the forthcoming meeting in Rome there will be 
about four papers on enzyme unhairing, and [| think from about four different 
countries. One of them is concerned with enzyme unhairing using proteolytic 


complexes of streptomyces 


I saw one of Dr. Cordon’s slides, and it showed the detachment of a portion 
of the epidermis. But curiously enough, the detachment did not extend into 
the hair roots. It is the same type of material. Does Dr. Cordon have any 
ideas about that? 
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Secondly, I think the sections would have been a little easier to See€ had 


there been better differentiation. They were rather heavily stained, and 


| don’t know how much consideration has been given to the technique of 


the art. When that is treated carefully, we can usually see more 


Dr. Corpon: As to the first question, Dr. Turley, the entire epidermis 
is loosened by salt-soaking including the sebaceous glands and hai follicles. 
[his was shown on a slide before you came in. 

As to the second question thank you, we will try to improve our tech- 
nique. 


Dr. PFANNMULLER: Do you think there could be two enzymatic unhairing 
methods—first, one with proteolytic enzyme systems, and another one 


similar to the chemical method with enzyme systems that break down 
disulfide links? 


Dr. Turtey: It might be possible, although we do not know for sure 
too much about the chemistry in the lower layer of the epidermis——the 
germinating layer—that one might be eliminated. it would be a matter of 
dissolving keratin or some reduction of disulfide groups. But this might not 
be so in unhairing. It seemed not to be so in the old days with caustic soda. 
\ll we need is a straightforward proteolytic digestion. After what you have 
said, Dr. Pfannmuller, it pleases me to know that in Europe today there is 
a reversal of the old process—namely, not to swell the skins first. In some 


quarters that is thought to be bad, but that can be argued. 


Trrus Weaver (Ohio Leather Company): I cannot add anything as far 
as the enzyme unhairing is concerned, outside of the fact, for general infor- 
mation, that we have processed the skins that were enzymatically unhaired 
at Rutgers University by Dr. Nickerson. At present we are putting through 
the second set that he has unhaired. I will say that he has done a beautiful 
iob of unhairing. I don’t want to say anything about the quality of the 
leather as yet. But it has very good possibilities. The unhairing was com- 


plete. 


Dr. PFANNMULLER: May I ask you what enzyme he used for unhairing? 
What was the origin of the enzyme? 


Mr. Weaver: I don’t know that. We are only processing the skins after 
he has unhaired them. These skins were unhaired at Rutgers University, 
and we processed the skins into finished leather. 
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ABSTRACT 


One of the most important characteristics of leather which con- 
cerns tanners and large consumers of leather is the property called 
break. Break is the system of wrinkles formed when the vamp of a 
shoe is flexed during walking. Since the number of the wrinkles 
is related to durability, appearance, and over-all grade of leather 
used in footwear, it is essential that this quality be carefully evalu- 
ated. The need for an objective method for evaluating break 1s 
especially emphasized by the failure of traditional visual, sub- 
jective inspection procedures to define or curb the use of coarse- 
breaking leathers in footwear. To solve this problem, an investigation 
of the break characteristic was undertaken. This work resulted in 
the development of an instrument called a Leather Grainometer. 
The instrument helped to define break objectively. Utilizing the 
Leather Grainometer, inexperienced personnel appear able to grade 
breaks more accurately and consistently than experienced com- 
mercial and technical personnel using the subjective, visual 
approach. 


“st 


INTRODUCTION 


Currently most leather grades are determined by expert opinion. It is 


assumed that the gradings reflect the consensus of the trade; however, 
when subjected to scientific inquiry, the selections of different veteran leather 
experts frequently are inconsistent. The current practice of grading leather 
employs over-all feel and appearance characteristics as prime criteria. Factors 
influencing serviceability and end-use requirements are of secondary con- 


sideration. However, for the military, these are the primary considerations; 


*Presente he ty-fourth Annual Meet f ALCA, Swampscott, Ma May 27, 1958 
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FIGURE 1.—Photomicrograph of elastin network of rat mesentery stained with resorcin- 
fuchsin, reproduced from the negative. It shows the branching character 
anastomosis of the elastic tissue, in marked contrast to the associated 
collagen (not shown \pprox. 450 
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therefore, definitive standards and precise methods of evaluation are re- 
quired. In the case of the Navy, where some degree of uniformity had been 
established among its leather inspectors, the maintenance of uniform stand- 
ards has been complicated by the retirement of experienced inspectors and 
the subsequent employment of less experienced personnel. 

One vital aspect of the problem of maintaining uniform standards for 
leather is concerned with the evaluation of a property called “break”. Break 
is the formation of tiny wrinkles on the grain surface of leather when it 1s 
bent inward in a curve like that formed at the vamp of a shoe in walking. 
If the wrinkles are very minute, the leather is said to have a fine break; 
if the wrinkles are very large, the leather is considered to have a pipey ot 
coarse break. 

Fundamentally break is related to the nature of the fiber structure. Where 
leather breaks into many wrinkles, the fibers just beneath the grain merge 
well into the grain surface. The grain surface is relatively dense, and there 
is an intimate merging of the fibers of the grain and the corium. In coarse 
or pipey leather where the surface breaks into a few large wrinkles, the 
fibers beneath the grain are less subdivided, less intimately bound, and there 
is an obvious line of delamination. From the observations of Roddy (1) it 
may be concluded that the distribution of the elastic tissue fibers is perhaps 
the primary influence in the quality of the break. (See Fig. 1). He noted 
that the network of elastin fibers encompasses each follicle in the grain layer 
and that the fibers branch out in the corium. He also found that elastic 
fibers are more predominant in wrinkled areas and that the wrinkled areas 
are less thick from the grain to the flesh than neighboring smooth areas (2). 
Generally, younger cattlehides have proportionately more grain in relation 
to the corium and produce proportionately more wrinkles when indented 
than older stock. The closeness of wrinkles appears to be related to the 
energy of deformation (3), which in turn may be a function of the intimacy, 
quality, and quantity of the elastin network in the grain layer. 

Functionally, a fine break is desired in leather because the manner in 
which leather breaks reflects the age, appearance, and serviceability of the 
stock. It has been frequently observed by the military that shoes made with 
pipey leather often split open at the vamp, whereas shoes fashioned from 
“tight” leather withstand rigorous wear. It is generally agreed throughout 
the shoe and leather industry that pipey leather is not as serviceable as tight 
leather. 


Repeated inspection of stock oxfords worn by Navy personnel disclosed 


that shoes with coarse breaks were being accepted in the supply system. 
(See Fig. 2). A further study of the problem showed that although disallowed 
by the specification, pipey leather was insufficiently defined. As such, the 


acceptance or rejection of substandard leather was based on the feelings of 


the individual inspector or contractor. It was obvious that a more objective 
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FIGURE 2.—Shoe upper parts with coarse break. 


approach was needed to define break and that this method would have to be 
translated into numerical terms. The need was especially emphasized by 
Stubbings (4) who, referring to break and related properties, declared that 


to determine the effect of specific variabilities on resultant leather properties, 
more objective methods for measuring leather should be developed. Ac- 
cordingly work began which aimed at 


a. the development of a suitable definition of break, 


D 


. the development of a measuring device that would translate the definition 
into terms lending themselves to definitive standards, and 


the testing of the instrumental technique against the prevailing sub- 
jective method of judging break. 


work covered by this report discusses the realization of these aims. 


DEVELOPMENT OF THE GRAINOMETER 


\ literature search disclosed that Wilson (5) had reported work on classi- 
fying break in 1929. He drew strips of leather tightly around a rod 3.2 mm. 
in diameter and designated the count of the resulting wrinkles as the break 
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measurement. This approach was consistent with the nature of the break 
characteristic and appeared to provide a concept capable of being rendered 
concrete as a more precise method for inspection purposes. This suggested 
the creation of an instrument that would bend a leather specimen precisely 
about a mandrel and hold it frmly. The wrinkles formed in the concave 
bend would have to be magnihed, since fine creases are not readily visible with 
the naked eve. For purposes of information and refinement, this instrument 
would be expected to classify breaks into a number of objective levels. The 
basis for these levels would be established by comparison with the best 
technical tannery opinion. It was therefore planned to obtain graded sample 
leathers representing the opinions of the top sorters of the foremost calfskin 
tanneries. These standard specimens would again be graded by the instru- 
ment which would designate the objective grades. The specimens would 
then be submitted to shoe manufacturers and leather buyers and sellers 
who would examine them and designate their subjective grades. It was 


anticipated that this trial would provide data for 


a. the setting up of quantitative break standards based on the best tech- 
nical tannery opinion, 


b. the testing of the reliability of the instrument, and 


c. the comparison of instrument readings against subjective shoe factory 


and other commercial opinions. 


The concept of break as defined above appeared adequate for operational 
purposes. The development of a suitable instrument, however, posed several 
technical problems. If a strip of leather was wound around a mandrel, the 
wrinkles were not readily visible. When the wrinkles were clearly observed, 
the position of the leather influenced the wrinkle count. Generally, manual 
clamping of the leather detracted from the precision of the method, conse- 
quently a two-part frame on the order of an egg slicer was devised. The 
upper part corresponded to a semicylindrical mandrel which depressed and 
curved the leather strip, and the bottom part contained a semicylindrical 
cavity for receiving the bent leather. 

In the refined instrument that followed, the upper part, or cover plate, 
contained two semicylindrical bars, arc at 180°, radius 3/16’’. (See Fig. 3 


These two bars were mounted in line with each other, separated by a space 


to permit visual observation of the curved leather surface, and reproduced 
the effect of a continuous mandrel. The main body contained two retaining 
sides and a semicylindrical adjustable groove for receiving leathers of various 
thicknesses. (See Fig. +). A regulating screw and dial cap with two main 
springs facilitated the groove adjustments. Four knurled nuts clamped the 
samples in place. An adjustable lens with a self-illuminating light source 
was mounted on the cover plate to illuminate and magnify the wrinkles. 
The finished instrument was called a Leather Grainometer. 
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COVER PLATE 
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FIGURE 3.—Leather Grainometer (assembled). 


se -CYL ieoRiCa eee 
FIGURE 4.—Leather Grainometer (unassembled). 
To operate the Grainometer, a user centered a 119’ x 6’’ sample on top of 


the main body and adjusted the groove to the thickness of the leather. He 
then fitted the cover plate over the specimen and depressed it into the groove. 


The cover plate was secured with four knurled nuts. The wrinkled specimen 
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was then examined, and the wrinkles were counted transversely with the aid 
of the self-illuminating lens. The wrinkles were counted over a span of 


0.5893’, determined by the 3. 16’’ radius of the mandrel. 


General testing with the initial Leather Grainometer showed that the 
principle and procedure were very satisfactory for the tannery and labora 
tory. Cut specimens could be evaluated in several minutes, and with the 
guide pins removed, the break of any section of a full side or skin could be 
determined without destroying the surface under examination. However, 
for the rapid quality control of vamps and quarters in the shoe factory, a 
quick clamping system was required; consequently, another model was 


designed for use by footwear inspectors. 


\dvanced Leather Grainometer 


The vamp model (see Fig. 5) had most of the essential dimensions of the 
Leather Grainometer. The later instrument’s cover plate could be raised or 


lowered with the aid of a lever. Instead of a steel mandrel the new device 


utilized Lucite that permitted the piping of light into the cavity where the 


break appeared. Vamps, quarters, and other specimens could thus be locked 
into place with the turn of the lever, and the breaks of the different upper 
leathers could be immediately classified in the highly illuminated field. 
See Fig. 6). 
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Advanced Leather Grainometer with vamp sample. 
I ] 


STANDARDIZATION OF LEATHER GRAINOMETER 


lo standardize the Leather Grainometer the leather industry was con- 


sulted for opinions about the number of grades suitable for classifying break. 


The problem was discussed with technical personnel conversant with quality 


hides and skins. The technical opinions offered by these men and the range 
of wrinkles found in Navy upper leather indicated that the break charac- 
teristic could be subdivided into four groups, and these were called “tne” 
group 1), “good” (group 2), “fair” (group 3), and “coarse” (group +). When 
the designations were set, the four calf tanners supplying practically all of 
the Navy calf leather were solicited and requested to provide samples based 
upon the four levels of quality. The sorters of the tanneries, using their own 
concepts of break, provided a total of 34 samples representative of the four 
groups. These samples were then evaluated by the Leather Grainometer, 
and each specimen was assigned a wrinkle count which was columned in the 
group assigned by the tanner. The samples were checked several times by 
the author, then spot-checked by experienced technologists, and the results 
were found to be surprisingly consistent. The counts which are listed in 
Table | were averaged for each class of samples and showed that group 1 
(“tne”) had a mean of 20.7 wrinkles; group 2 (“‘good”’), a mean of 17.1 


wrinkles; group 3 (‘fair’), a mean of 11.4 wrinkles; and group 4 (‘‘coarse’’), 
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TABLE | 


AK GRADES OF SAMPLES SUBMITTED BY CALF TANNERS 


anner A 


‘anner B 


‘anner C 


anner D 


Means 


rABLE II 


GRAINOMETER STANDARD 


Adjective and Grainometer Equivalents 


Fine 19 or more wrinkles 
(sood 15 to 18 wrinkles 
Fair 10 to 14 wrinkles 


Coarse 9 or fewer wrinkles 


a mean of 8.0 wrinkles. (See Fig. 7). An analysis of variance showed that 


the means differed significantly at the one-percent level. The data provided 


a basis for setting up a range of wrinkle counts for the four adjective group- 
ings. (See Table II). ‘Fine’ breaks (group 1) showed 19 or more wrinkles; 
“good” breaks (group 2), 15 to 18; “fair” breaks (group 3), 10 to 14; and 
“coarse” breaks (group 4), 9 wrinkles or less. The ranked averages of the 
wrinkle count obtained from the instrument correlated perfectly with the 
ratings submitted by the top tannery experts. 
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Photomicrographs of four grades of break in calfskin 


The results thus far provided a composite standard for checking the 
reliability of the Grainometer. The standard was based entirely on wrinkle 
counts taken with the Grainometer. 


\ relatively small group of tannery 
sorters’ ratings of individual samples differed slightly from ratings assigned 
by the Grainometer, and these ratings were reclassified to agree with the 
instrument. (See Table II). Thus if the machine gave a “good”’ rating 
to a specimen rated “‘fine’’ by a tanner, the machine rating prevailed. This 
arbitrary decision appeared necessary because there were some subjective 
grade overlappings in the “fine” and “good” categories. Some tanners 
selected ‘“‘fine’” samples with large wrinkle counts, while others selected 
“fines” that did not differ substantially from the “good”? samples. The 
standard in effect ironed out these few differences between the major tannery 
experts. In this paper this composite standard is called the Grainometetr 
Standard (Table II). 
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CHECKING THE RELIABILITY OF THE GRAINOMETER 


lo check the reliability of the instrument, four persons who had no ex- 
perience in leather were requested to grade the 34 specimens, using the 
machine. Their results showed a total of 12 errors or an average of 3 errors 
per person; the incorrect choices generally tended to upgrade the leather. 
See VYable II). [he degree of error of the inexperienced subjects was 
limited. For example, no novice using the instrument misgraded a sample 
beyond an adjacent level, or 1 degree. A “‘fine”’ specimen (group 1) was mis- 
graded and assigned to group 2. This was considered a negative error o1 
downgrading of 1 degree. A “‘good” specimen (group 2) was misgraded and 
assigned to group 1. This was considered a positive error or upgrading of 
l degree. 

The degree of error was chosen as a means of weighing mistakes. The 
maximum mistake possible was an error of 3 degrees positive or negative. 
If a subject misassigned a “fhne”’ specimen (group 1) to the “‘coarse”’ group 
group +), he would have made a negative error of 3 degrees; if he upgraded 
a ‘“‘coarse”’ specimen (group 4) to the “‘hne”’ group (group 1), he would have 
committed a positive error of 3 degrees. By way of interpretation, an error 
of 1 degree would be considered relatively minor, whereas errors of 2 degrees 
and 3 degrees would be considered proportionately more serious. The 
general results indicated that the gradings of inexperienced personnel were 
consistent and agreed substantially with each other and the Grainometei 


standard. 
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COMPARISON OF GRAINOMETER ACCURACY 
WITH SUBJECTIVE ACCURACY 


The fnal test involved comparing subjective opinions rendered by seven 
experienced shoe manufacturers and bybuvers and sellers of leather (Table IV 
with the objective results obtained by the inexperienced personnel using the 
Grainometer. The total subjective errors were 118, and the mean number of 
subjective errors per man was 16.9. The total errors of 2 degrees were 12. 


No errors of 3 degrees occurred. 


When the above over-all average of the leather buyers and sellers was 
compared with the over-all average of the inexperienced personnel using 
the Grainometer, it was found that the experienced commercial graders 
made over five times as many errors as the inexperienced men using the 
instrumentation technique. (See Fig. 8). Figure 9 illustrates the number 


of errors committed by each participant in the evaluation. The best buver- 


and-seller judge erred 11 times, while the inexperienced man with the poorest 


Grainometer score made 5 errors. He equalled the composite score of the 
professional sorters. Figure 10 shows the seriousness of the errors made by 
each subject. Leathe buvers and sellers and shoe factory personnel in some 
instances were prone to misgrade “fair” samples of group 3 and assign them 
to “fine” group 1, which were errors of 2 degrees. No novices using the test 
device made errors of that magnitude. 
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SUMMARY 


The results of this work indicate that an instrument defines the quality 


ot break more accurately than the traditional subjective methods employed 
in the leather and shoe trades. Commercial personnel and even technical 
leather experts differ among themselves in the gradings of identical leathers; 
consequently, differences of opinion among the uninitiated are inevitable 
By contrast, the instrumental technique assures consistent counts and 
gradings. Inexperienced men employing the Grainometer are able to grade 
leather breaks as well as or better than experts. The instrument also limited 
the degree of error and made possible an objective classifcation of break 
based on a table of wrinkle counts. Grainometer grading of break should 
replace subjective evaluations which are generally variable and inaccurate. 
Additional work may now be pursued to determine factors which influence 
break and relate the property to thickness, stiffness, follicle density, flexural 
fatigue, water resistance, and fiber structure. It is also planned to measure 
the subjective accuracy of tannery sorters against the instrument break 
standard. 
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DISCUSSION 


Mirth Maeser (United Shoe Machinery Corp.): I have a couple of 
questions | would like to ask Mr. Bailey. First, he made a pretty strong 
statement here that break is definitely related to the failure of vamps in 


shipboard use. Before | came to this meeting, | checked with some people 


who have had more experience than I with this property in leather; I tried 
to find out if it were commonly known that pipey leather failed more quickly 
than non-pipey leather when used in shoe vamps. No one seemed to know 
that such was the case. I also conducted some flexing tests and was unable 
to find out whether or not it was true. My results were negative. I didn’t 
deteriorate the leather, however. I would like to ask Mr. Bailey to discuss 
this point a little and see if anybody in the audience can express an opinion 
on it. 


Mr. Baitty: We noticed in our work with shoes aboard ship, during con- 
tinual evaluation with thousands of pairs of shoes, that, in general, there is 
almost an invariant relationship between cracking across the vamp and 
pipiness. The leather becomes wetted and dried repeatedly. We assume 
that it is a physical as well as chemical deterioration. In our experience 
pipey leathers crack across the vamps, whereas tight leathers do not. | 
might add that we noticed this cracking characteristic especially in degrained 
leathers regardless of treatment. We use a stuffed leather which is about 
hve ounces in thickness for our work shoes, and these pipey sides from older 
animals crack very quickly in wear. They deteriorate much faster than our 
calfskin leather. We can say at once that our calfskin leather is a much 
better work shoe leather than our stuffed work shoe leather. 


Joseru Basserr (A. C. Lawrence Leather Company): I wonder if there is 
not still some personal judgment involved in using this instrument, bec use 
it seems to me there must be a certain number of wrinkles that do not nec- 
essarily go transversely. There may be some that go diagonally or even at 
right angles. 


Mr. Baitey: The wrinkles are essentially parallel to each other as you will 
have observed in the illustrations of the photomicrographs. But I have 
charts pertaining to this paper which show that there is a surprising degree of 
consistency between the counts made by different individuals. The fact is 
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that those of us who were experienced and worked out the Grainometer 
count, or Grainometer standard, might have been arbitrary in our particular 
decision, but our possible inconsistencies were consistent. Among our in- 
experienced people, the errors or differences from the standard were con- 
sistent in the wrinkle-counting. 


Ricuarp C. Camp (Marathon Corporation): Would a shoe made of 
leather with a pipey grain invariably crack in use? The reason | ask that 
question is that it is my understanding, based on not very much experience 
of my own, that pipey grain may be caused by any number of factors, leading 
from the beamhouse on through the fatliquoring. I was wondering whether 
pipey grain from whatever cause would be conducive to cracking across the 
vamp. 


Mr. Battey: Our experience leads us to believe that as a general rule 
when you have pipey leather subjected to extreme wear you will observe 
accelerated deterioration. 


Dr. TurLey: | am not clear, Mr. Bailey, on this: In carrying out the tests 
with the Grainometer instrument, was it a small area of a vamp that was 
measured? And then, when the leather was judged by sorters, did they judge 
whole skins? It seems to me you cannot make much of a comparison there. 
But perhaps I didn’t get the story right. 


Mr. BatLey: The sorters or tanners provided us with swatches for evalua- 
tion. An absolute determination was made on the swatches, and our results 
did not refer to the classification of a total skin. It was an area—a very small 
area. As far as the vamp judgments are concerned, they were done on small 
areas of vamps. There does not seem to be too much variation over a small 
area as far as break is concerned. 

JoserpH Ortetas (Albert Trostel & Sons, Co.): Have you reached any 
conclusions as to the minimum number of wrinkles that would be accepted 
by the Navy? 


Mr. Bartey: Well, we have an opinion. For example, we have an opinion 
that about seven wrinkles—and I think this is liberal—would be minimum 
for the acceptance of kips and calfskins. 


Mr. Ortetas: And in considering locations, what location would that be? 


Mr. Bartey: We think that the best thing to do for control purposes would 


be to evaluate vamps, and for general purposes to evaluate the skins. But 
[ think it is more important to evaluate the cut part, vamp, or quarter. In 
other words, pinpoint your pipiness. And that is why we went ahead and 
developed the vamp control or vamp model of the Grainometer. For skin 
evaluation, we would recommend the test areas indicated in Federal Specif- 


cation KK-L-311. 
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Mr. Grota (Rueping Leather Co.): Were the swatches which were sub- 
mitted by the tanners the same pieces which were then evaluated by the 
Grainometer? 


Mr. BaiLey: Some of the swatches were four inches by eight inches. And 
they were of a particular grade. What we did was chop them up so that 
they would fit the particular instrument. But we kept the classifications 
that the tanners had assigned to them. 


Mr. Grota: Then the subjective tests by the tanners, and the Grainometer 
test, were done on the same leather pieces? 


Mr. BatLey: That ts correct. 


Mr. Grora: Another question: You stated the number of wrinkles on 
pipey leather to be approximately seven or fewer. I was just curious, in 
listening to the talk, as to what sort of a reading we might get trom a leather 
like shell cordovan, for example, which is considered extremely tight and 
smooth? 


Mr. Bairey: I think that is one of the exceptions. We were essentially 
concerned with calfskin. All of the work, the grading, and all of these 
tables, relate to calfskin. I think for another type of skin or another type of 
animal hide, you would have to develop another set of standards. 


C. Davip Witson (Rueping Leather Co.): Is the classification of excellent, 
good, fair, and poor, which was used as a reference in assessing the errors of 
the instrument and of the experienced operators the original tanners’ classi- 
heation as an absolute standard or a choice of borderlines with the instru- 
ment? 


Mr. Baitey: The tanners’ classification was converted into a wrinkle- 
count classification. The sorters’ classification was essentially the same as 


the wrinkle-count classification which became the standard that was set up. 


Mr. Witson: With a small degree of error? 


Mr. Battey: With a small degree of error. We set up a table on the 
basis of that classification, and we gave it to people who were inexperienced. 
Then we had them make the count and make the grade assignment based 
on their wrinkle counts. 


Mr. Witson: In other words you picked out borderlines which more or 
less maximized the tanners’ opinions as to what the borderlines should be? 


Mr. Battey: No, we were not arbitrary about it. We tested these group- 
ings by an analysis of their variances, and their means differed significantly 
at the one-percent level. 
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FRANK ZeEtssiG (Hiteman Leather Co.): If you had a coarse break on one 
type of tannage and a fine break on another, would you say that both would 


go to pieces in the same way? In other words, is it independent of tannage? 


Mr. Baitey: I cannot answer that, because we were working exclusively 
with chrome-tanned calfskin leather. 


Mr. SALAMATOV: Tanned according to the specifications of the Navy? 
Mr. Baitey: Yes. 


Mr. SALAMATOV: Then for this particular purpose those measurements 
were all right, but wouldn’t it be risky to conclude that they would be satis- 
factory for any other kind of leather? 


Mr. Battey: We would not recommend this particular minimum wrinkle 
count for any type of leather, but we would develop other applicable mini- 
mums. 


THIS WE BELIEVE! 


\ young man who attended an interview for an important scientific job . was asked 


to sign a contract on the dotted line. The conversation then went like this : 
“Why do you put two crosses ?”’ 


“I can't write. I've been so busy in the lab that I never learned.” 
“Then what does the first cross stand for ?" 

“Oh, that’s my name—John Smith.” 

“Then why is there a second cross ?"’ 

“That means Ph.D.” 

—The New Scientist, May 15, 1958 


WANTED: A PRAYING MANTIS 


The cockroach Diploptera punctata has a brace of glands which secrete a mixture of 
p-benzoquinone and two of its derivatives. Because it ejects this fluid when disturbed 
.. Eisner of the biology department at Cornell figured the phenomenon might be defen 
sive. And so it turns out. 

Writing in Science, Eisner says he left roaches open to attack by such predators as 
carabid beetles, praying mantises, lycosid spiders, and ants. All of them went after the 
roaches at once, but the quinone spray (ejected immediately upon attack) drove off the 
ants and carabids, who stumbled a bit during departure, sometimes losing their ability to 
walk altogether; this loss of coordination seldom lasted more than two minutes. Spiders 
were repelled (though only by larger nymphs and adults), but showed no loss of coordina 
tion. Praying mantises don’t seem to mind the spray at all. 

Chemical and Engineering News, August 11, 1958. 
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INTRODUCTION 


lhe present paper deals with a system with components of different anions, 
i.e., solutions of basic chromium sulfates containing increasing amounts of 
sodium chloride. In comparison with the system previously discussed (1), 
which contained components with a common anion, it offers additional com- 
plications due to the formation of mixed salts and protolysis products as 
well as mixed acido-chromium complexes. 


The chromium sulfate-sodium chloride system is of importance in prac- 


tical tanning, since common salt is carried over into the tanning bath by the 
pickled stock, and more salt commonly is added to the chrome tanning bath 
as a swelling-depressing agent. Actually, that is the main function of the 
neutral salts in technical chrome tannage. The aim of this paper is to show 
how added neutral chlorides, represented by sodium chloride, affect the 
composition of the chromed collagen, the chrome-collagen compounds 
formed, and some properties typical of chrome leather. Since the effects of 
addition of neutral chlorides to solutions of basic chromium sulfates on the 
H-ion concentration of the system, on its alkali stability (precipitation figure), 
and on the tanning effect as evaluated by the hydrothermal stability (boiling 
test) are well established, these aspects will only be considered in instances 
that are directly applicable to the present problem. It suffices to recapitulate 
the salient points of these effects. 


PRESENT STATUS OF THE PROBLEM 


The research groups of Wilson and Thomas (2), the pioneers in this field, 
have shown that the H-ion concentration of solutions of basic chromic 
sulfate is increased by the addition of neutral chlorides (3), and also that 


*For the first paper of this series on the system: chromium sulfates-sodium sulfate, see JALCA, 45, 536 
1950). The present paper summarizes the results of researches carried out in collaboration with Mr. Magne 
Nestvold, Research Scholar of the Norwegian Research Council, 1950-51, and part of earlier and later work 
of the senior author 
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the chromium salt is made more stable toward alkali (4), that is, by the addi- 
tion of salt, basic chromic sulfate solutions can be brought to a higher basicity 
without precipitating. Wilson (5), as well as Thomas and Foster (6), noted 
that neutral chlorides decrease the fxation of chromium by collagen. The 


increased H-ion concentration of the solutions resulting from the addition 


of neutral chlorides was considered to be the main cause of the impaired 


chrome fixation. However, Thomas and Foster (6) suggested also that the 
chlorides form complex compounds with the chromium sulfate, rendering it 
less active in combining with the skin protein. Wilson (5) also believed that 
some penetration of the anion of the neutral salt into the chromium nucleus 


was involved in the neutral salt effect. 

In an important paper in 1920 Wilson and Gallun (7) showed that leather 
tanned in solutions of basic sulfates containing large amounts of neutral 
chlorides did not stand the ordinary “boiling test’’, in contrast to the leather 
tanned in solutions containing only the commercial basic sulfate. This was, 
indeed, the first demonstration of the effect of neutral salts on the real tanning 
property as measured by hydrothermal stability. The amount of chromium 
combining with the collagen is by no means a measure of the tanning potency, 
although this figure is important theoretically. It was further shown by 
Thomas and Foster (6) that this neutral salt effect is rather slight in very 
dilute or very concentrated solutions of the chrome tanning salt, whereas a 


marked effect is found in solutions of moderate chromium concentrations. 


In unpublished investigations by the senior author, partly mentioned in 
passing in reviewing this field (8, 9), it has been established that the effect 
of sodium chloride on the chromium fixation and the tanning power of solu- 
tions of basic chromium sulfates is rather slight at low basicity. With in- 
creasing basicity the effect becomes more pronounced, being very drastic 
on the extremely basic chromium sulfates. Further, it has been shown by the 
ion-exchange technique (10) that the formation of noncationic (mainly 
nonionic) chromium complexes is favored by the addition of large amounts 
of sodium chloride to solutions of basic chromium sulfates. It has also been 
stressed that the very marked difference between the effects of sodium sulfate 
and sodium chloride on the hydrothermal stability of chrome-tanned leather 
suggests that the composition of the chrome-collagen compound formed 
plays a governing role (11). Thus, of two leather specimens of the same 
chromium content, tanned by the same 67°(-acid chromium sulfate, the one 
tanned in the solution made 1.5N in sodium sulfate withstood the boiling 
test, while the specimen tanned in the solution which had been made 1.5N 
in sodium chloride shrank to 45° of the original area. The difference in 
stability remained after the neutralization of the leather specimens (pyridine 
treatment) (12). In view of the fact that leather containing such large 
amounts of chromium as 8-10 Cr.O; per 100 collagen would not stand the 
test, even after the removal of its ionic acid groups, it is evident that the 
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failure of leather that had been tanned in solutions of basic sulfates con- 
taining high concentrations of sodium chloride to stand the boiling test was 
due neither to insufficient amounts of combined chromium nor to higher 
percent acidity of the fixed chromium compounds. According to the senior 
author’s findings (13), mainly unpublished but mentioned on passing in 


résumés (8, 9), the main cause of the impaired tanning power of basic chrom- 


ium sulfates induced by the addition of sodium chloride is the displacement 


of ionically held sulfate and part of the sulfato groups in the cationic chromium 
complexes by the chloride; a decrease in cationic chromium complexes prob- 
ably is involved also. In the present paper some typical results from in- 
vestigations forming the basis for this view will be presented. 


EXPERIMENTAL 


Solutions of chromium sulfate. Solutions of 67°;-acid chromium 
sulfate, free from neutral salts, corresponding to the empirical formula: 
Cr.(OH).(SO,)., were used for the main series with hide powder as the sub- 
strate, in order to avoid the added complexity of sodium sulfate which is 
present in the ordinary type of commercial chromium sulfate used for tanning. 
The stock solution was prepared by reducing a mixture of equimolar parts 
of chromic acid (CrO,;) and sulfuric acid by hydrogen peroxide, which was 
added slowly to the cooled solution as described in another connection (14). 
\ similar type of neutral salt-free 67°;-acid chromium sulfate was obtained 
by reducing the CrO,—H.SO, mixture in concentrated solution at the boil with 
sucrose, adjusting the rate of addition of the reducing agent and other con- 
ditions so as to maintain a violent reaction, practically excluding the forma- 
tion of secondary acidic oxidation products. Upon analysis of the ensuing 
stock solutions for Cr, total sulfate, and hydrolyzable sulfate, the acidity 
percentages agreed within 1°, (66°; and 67°). For the tanning experiments 
with pelt an ordinary chrome liquor was used, since the tanning of pelt in 
solutions of chromium sulfate devoid of swelling-depressing neutral salts 
is often complicated by the swelling of the pelt in solutions of low chromium 
content. This phenomenon and the anomalous effects that it produces in 
studies of the neutral salt effect on chromium sulfates were first noted by 
Otto in his Dissertation (15). This chrome liquor was prepared by reducing 
a solution of sodium bichromate (250 g. per |. of NasCr.O; + 2 H.O) with 
sulfur dioxide, and removing the excess of sulfur dioxide by boiling, which 
also is required for decomposing any anionic complexes (tetrathionate and 
sulfte) formed (16). Solutions containing 0, 1, 2, and + moles of NaCl per 
|., at a final Cr concentration of 0.4N (10.2 g. per |. of Cr.O;) were prepared, 
and aged for at least two months prior to use. In some series the various 
solutions were boiled two minutes, cooled, and left for two months to attain 
equilibrium. 
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Analysis of the solutions.—The amounts of Cr, total sulfate, hydrolyz- 
able sulfate, sodium, and chloride present in the solutions were estimated. 
The composition of the chromium complex was determined by the ion- 
exchange column technique employing the cation exchanger Dowex-50, 
operating in the sodium cycle (17), and the anion exchanger Amberlite [RA- 
400, used as the hydrochloride (18), according to procedures described 
earlier (10). Apparently it is not generally recognized that in solutions of 
high neutral-salt content the use of the acid form of a cationic exchange 
resin results in large errors on estimating the content of noncationic chromium 
complexes. The likely explanation is the reaction of the freed protons with 
the noncationic chromium complexes, which are converted into positively 


charged complexes (19). Hence, operation in the sodium cycle is important. 
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FIGURE 1.—The fixation of chromium from solutions of 67°%-acid chromium sulfate 
by various cation exchangers as a function of the sodium chloride content 
of the solution 
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Some results from experiments in which an excess of chromium was allowed 
to react with the sodium salts of cation exchangers of both the sulfonic acid 
and carboxylic types (20), by shaking the resin with the solutions, are re- 


corded in Fig. 1. This mode of interaction (21) is similar to the technique 


used in chrome tanning. It gives a measure of the preferential fixation of 
chromium by the substrates. The electrochemical nature of the solutions 


was ascertained by ionophoresis on paper by a method described earlier (22). 


Mode of tanning. In the hide powder series, 6.00-g. portions of Lyon 
hide powder (5.40 g. of collagen) were treated with 100-ml. portions of the 
solutions of the chromium sulfates for periods of from 5 days to 5 weeks. 
The tanned hide powder was separated from the residual solution on a glass 
hlter and lightly washed. The chromed stock was then shaken twice for 10 
minutes, with 100-ml. portions of water. The residual solution combined with 
the washings was made up to 500 ml. In the experiments with calfskin pelt, 
portions of 30.0 g. of lightly pressed pelt (limed, unhaired, and delimed) 
(=10.4 g. of collagen) were shaken for 9 to 11 days with 100 ml. of the 
solution of the chromium sulfate, 0.4N in Cr. 


Analytical methods.— The residual solutions, combined with the wash- 
ings, were analyzed for Cr, total sulfate, and acid sulfate. By subtracting 
these values from those of the original solutions, the amounts of Cr and SO, 
hxed by collagen were determined indirectly. Some of the series were run in 
duplicate; in others half of the chromed substrate, after a light washing as 
described for removal of sorbed solution, was dried for analysis without 
further treatment. The other half of the substrate was shaken for two hours 
in 200 ml. of 4.0% pyridine solution. After washing and shaking out with 
two 100-ml. portions of water, the residual pyridine solution and the wash- 
ings were combined. The total acid content of the solution was ascertained 
by titration to pH 8 with 0.1N NaOH solution. Sulfate was determined as 
BaSO,. Portions of the solution were also taken to dryness, ashed at 500°C., 
the ash dissolved, and the content of Cl determined. In the dried chromed 
hide powder the contents of ash, Cr, combined sulfate, combined chloride, 
and collagen (N 5.56) were determined. The results are stated in terms of 
meq. per g. of collagen. Only in the first series (Table II) are the data ex- 
pressed in the traditional percent on the dry substance, since the final state- 
ment in meq. of reactant combined with 1 g. of the protein is scientifically a 
more satisfactory way of expressing the results. 

The degree of stabilization imparted to the collagen by the various solu- 
tions was determined by the boiling test. The degree of shrinkage of the 
area of the original specimen after immersion for two minutes in boiling 
water was measured (23). Since the shrinkage temperature was 100°C. or 
higher in practically all instances, the decrease in area on boiling gives a 
better and more practical indication of the tanning effect than the shrinkage 
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temperature. The use of nonaqueous solvents for measuring shrink tempera- 
tures over 100°C. often yields misleading results. 


RESULTS 
The data from the separation of the cationic and anionic chromium com- 
TABLE | 


EFFECT OF NaCl ON THE COMPOSITION OI 
CHROMIUM COMPLEXES IN SOLUTION 


} Uncharged : ior > Acidity of Cationic 
Complexes Sultato-Cr Complexes 


plexes by percolation of the solutions through columns of the cation exchanger 
Dowex-50 and the anion exchanger Amberlite IRA-400 are given in Table 
I. For this series the hydrogen peroxide-reduced, 67°;-acid chromium sul- 
fate (Cr.(OH).(SO,).), not heated before aging, of final concentration 0.4N 
in Cr, was used. 

The mean value of the acidity of the sulfato-chromium cations was 32°; 
for solution No. 1 of Table I, determined by the indirect method. By using 
the resin of the quaternary base-type, Amberlite IR A-400, in the form of the 
nitrate, the acidity was found to be 33°) by applying the technique described 
earlier (18). All the added Cl ions were recovered in the filtrate, proving 
the absence of chloro-complexes. These data show that the formation of 
nonionic chromium complexes is favored by the addition of sodium chloride 
to the solution of pure basic chromium sulfate (Cr.(OH).(SO,).). A slight 
amount of negatively charged chromium complexes is also formed. 

It was found on ionophoresis on paper that increasing salt addition tended 
to increase the small fraction of nonmigrating chromium, in agreement with 
the findings by the ion exchange. 

The series of ion-exchange studies which simulated the conditions of the 
chrome-tanning process was carried out by shaking for | hr. portions of the 


sodium salt of the hydrated cation exchange resin in quantities equal to 
1.0 g. of dry substance with 15.0 ml. of the solution of 0.4N, 67°;-acid chro- 
mium sulfate. The filtrates and combined washings were made up to 200 
ml. and analyzed for Cr and total sulfate. The amount of chromium and 
sulfate fixed was obtained by difference. The results are shown in Fig. 1 
in which the curve for the chrome fixation by hide powder (tanned 7 days) 
is inserted for comparison. 
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TABLE II 


COMPOSITION OF CHROMIUM COMPOUNDS FIXED BY HIDE POWDER 


FROM SOLUTIONS OF 67°¢-ACID CHROMIUM SULFATE OF INCREASING 
SODIUM CHLORIDE CONTENT 


NaCl, moles per l 


From analvsts of chromed hide powder 


‘7 on dry substance 


\sh 

(ro) 

Combined sulfate (as SO, 
Combined chloride (as Cl 
Collagen N X 5.56 


Cre per 100 collagen 


© Acidity of chrome-collagen compounds 
SO, 


Cl 
Potal 


Meg fixed per 2 collagen: 


C1 
Combined SO, 
In Cr complex 
In ionic linkage 
Potal 
Combined Cl 
In Cr complex 
In ionic linkage 
Potal 
lotal anions in ionic linkage 
©. Acidity of acido-Cr complex fixed 
pyridine method 
SC) 
Cl 
Total 


4 


By difference from analysis of original and residual solutions: 


Meq. Cr fixed per g of collagen 1¢ 
Meq. SO, fixed per g. of collagen 4: 


€) Acidity of Cr-sulfate fixed 
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lable Il contains the data from the series in which hide powder was 
tanned with the solutions of the 67©7-acid chromium sulfate free from neutral 
salts. At this point it will be sufficient to call attention to the good agree- 
ment between the directly determined values of the amounts of chromium 
and sulfate fixed by collagen and the acidity of the chromium sulfate —collagen 
compounds, and the indirectly obtained values (from the analysis of the 
solutions). The results will be commented on in the Discussion and are 
shown graphically in Fig. 2. 
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The distribution of chromium and anions of the chromium-collagen com 

. . 2 an 
pounds as a function of the sodium chloride content of the solution of basic 
chromium sulfate 


Cr 

Potal SO, 

SO, in ionic linkage 

SO, in the chromium complex 
Potal Cl 

Cl in ionic linkage 


Cl in the chromium complex 


The essential data from a typical experiment with pelt are presented in 
Table II. 30.0 g. of lightly pressed pelt 10.4 g. of collagen) was tanned 
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TABLE Il 


COMPOSTTION OF CHROMIUM COMPOUNDS FIXED BY PELT FROM 
SOLUTIONS OF 676,-ACID CHROMIUM SULFATE OF INCREASING 
SODIUM CHLORIDE CONTENT 


NaCl, moles per | 
Meg. fixed per g. collagen 
4 
2.00 
0.00 


\cidity of chrome-collagen compounds 


In the form of SO 
In the form of Cl 
otal 

in ( 


Shrinkage of area in boiling test (2 min 


Directly 


\fter pyridine treatment 


for 11 days with 100 ml. of solution of the salt-free, 67°;-acid chromium 
sulfate containing 10.2 g. Cr.O; per |. The pelt was limed, unhaired, delimed, 
and brought to the isoelectric point before tanning. 

The results by the indirect method (from analysis of solutions) for fixed 
chromium in meq. of Cr per g. of collagen were: 3.25, 2.86, 2.75, and 2.79, 
in excellent agreement with the values obtained by direct analysis of the 
chrome leather. For the fixed sulfate the fgures in meq. were: 1.93, 0.97, 
0.73, and 0.39. 

The results obtained in the corresponding series with pelt tanned with 
solutions of an ordinary sulfur dioxide-reduced chrome liquor are given in 
Table IV. The time of tanning was 8 days. The uptake of Cr, Cl, and SO, 
is shown graphically in Fig. 3. 

In the following discussion the effect of the treatment of chromium sulfate 
tanned leather with 2M and 4M solutions of sodium chloride, as documented 


75) 


in earlier papers , will be considered. In this connection the results from 


a hitherto unpublished experiment will be summarized. Hide powder which 


had been tanned with the 67°;-acid salt-free chromium sulfate at a concen- 
tration of 1N Cr was washed. Part of the chromed hide powder (=5.0 g. of 
collagen) was shaken with 100 ml. of 2M sodium chloride for 24 hr. This 
treatment was repeated thrice with fresh salt solution. Finally it was shaken 
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TABLE IV 


THE EFFECT OF SODIUM CHLORIDE ON THE TANNING OF PELT WITH 
67°,-ACID CHROMIUM SULFATE LIQUOR 


Solution No Il 


NaCl, moles per ] 


Meg. fixed per g. of collagen 
Cr 3.00 


SO, 2.16 


Cl 0.00 


( 


¢ Acidity of chrome-collagen compounds 


In the form of SO, 
In the form of Cl 
Potal 

Point “4. 


‘ 


> Shrinkage of area in boiling test 


Directly 
\fter pyridine treatment 


for 3 consecutive times with 100 ml. of 4M sodium chloride, 24 hr. each time. 
No sulfate was found in the solutions subsequent to the first extraction with 
the 4M sodium chloride solution. Table V shows the composition of the 
original and the salt-treated chromed hide powder specimens. 

Evidently the sulfate anions and also the sulfato groups are completely 
displaced on repeated extraction of the chromium sulfate-collagen com- 
pounds with concentrated solutions of sodium chloride. Remarkably, simul- 
taneously with the sulfate displacement, a considerable loss of irreversibly 
hxed chromium occurs, amounting to some 10°; of the chrome content of the 
original chromed hide powder. This indicates that the strength of some of 
the valency forces involved in the binding of the sulfato-chromium complexes 
to the protein is impaired by the salt treatment and moreover that the 
chloride complexes formed are less firmly attached to the collagen than the 
ordinary cationic sulfato-chromium complexes. 


DISCUSSION 


The data in Table I show that with increase in the concentration of sodium 


chloride the formation of nonionic chromium complexes is markedly aug- 


mented. On analysis of the filtrate from the cation-exchanging column, the 
total amount of chloride ions added was recovered. Thus, no formation of 
complexly held Cl groups had taken place. Against this negative statement 
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FIGURE 3 rhe fixation of Cr, Cl, and SO, by pelt from solutions of 67¢-acid chromium 
sulfate as a function of sodium chloride content. 


x x x Fixed chromium, Cr 


C 5 ) Combined sulfate, SO, 


* & Combined chloride, C1] 


TABLE V 


EFFECT OF REPEATED TREATMENT OF CHROMIUM SULFATE-TANNED 
HIDE POWDER WITH SODIUM CHLORIDE SOLUTIONS 


Original Stock NaCl-treated Stock 


€ 


Ash Ss 8.8 
Cr.Os 3.8 8.6 
Combined SO, 0 
Combined Cl 1 
Collagen 
Cr,O3 per 100 collagen 
‘% Acidity of chrome-collagen compounds: 
SO, 
Cl 
Total 





SALT EFFECT IN CHROME TANNING 


stands the finding of complexly held Cl groups in the collagen chrome-tanned 
with the solutions containing added sodium chloride. This apparent contra- 
diction is probably to be explained by the different state of combination 
of the chromium complexes existing in the solutions as ionic species, on one 
hand, and those present in combination with collagen, held principally by 
covalent forces, on the other hand. In the latter instance the covalent-bound 
form of chromium very likely manifests an entirely different valency dis- 
tribution from that of chromium in the electrovalent state. It has been 


pointed out in other connections by the senior author (24) that the usual 


form of the protolytic equilibrium based on proton discharge from the aquo 


groups of the hexa-coordinated chromium cation is not applicable to the 
hydrolysis of chromium complexes present in covalent attachment to the 
collagen such as those in the chrome-collagen compounds, since a free anion 
is necessary for the compensation of the freed proton. 

The anion series, expressing the complexing affinity of the various anions 
for chromium (25), has been derived from the study of ionic reactions and 
systems. Hence, this arrangement may not necessarily be applicable to 
the coordinate-covalent linkage of chromium in the chromed collagen. 
Therefore, it appears to the authors that the denial of the existence of Cl 
groups in oxo-chromium complexes combined with collagen is not justifed 
from theoretical considerations. It is worthy of note that the consensus 
of the findings is that the Cl group is not complexly bound in ordinary basic 
chromium chlorides of the cationic type in dilute solutions. This fact has 
been established by a number of investigators (26), including the senior 
author (27), by different methods. However, it should also be emphasized 
that the existence of chloride residues as chloro-groups in collagen tanned 
with basic chromium chlorides has been unequivocally established experi- 
mentally (28). At the same time, it is worthy of mentioning that the degree 
of stability of these chloro-groups generally is very much inferior to that of 
the sulfato-groups. In some instances the majority of these complexly bound 
Cl groups are displaced on prolonged washing. 

In the present instance it is found (Table I1) that from the solution with 
the highest concentration of sodium chloride, the collagen binds cationic 
chromium complexes in which about half the complexly bound sulfate groups 
of the ordinary basic chromium sulfate have been displaced by Cl groups. 
It is also evident from the results of the analysis of the hide powder tanned 
in the chrome bath 4M in sodium chloride that the chrome complexes fixed 
by collagen contain on the average one equivalent of Cl and one equivalent 
of SO, per two atoms of chromium. Thus, in this instance the chloro-sulfato- 
oxo-chromium-collagen complexes possess complexly bound Cl groups which 
even resist a two-hour treatment of the stock in 4.0°7 solution of pyridine 
pH 8.2) and the subsequent washing procedure. This aspect of the com- 
position of the chromium complexes fixed by collagen from solutions with 
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varying content of sodium chloride will be discussed later on. Since the 
present results also have some bearing upon the question of the existence 
of chloro-oxo-chromium complexes in combination with collagen, the findings 
of Table II have already been referred to in this context. 

According to the graphs on the chrome fixation by the various resins used 
in the ion-exchange series (Fig. 1), the best agreement with the general 
tendency of the chrome uptake by collagen from the solutions concerned is 
shown by the resin with the carboxylate ion as functional group (Amberlite 
IRC-50) (20). The sulfonic acid-type of resin shows a decidedly greater 
decrease in the chrome fixation from the solutions of high chloride concen- 
tration than the decrease shown by collagen (17, 20). The relatively low 
complexing tendency for chromium of the charged sulfonic acid group com- 
pared to the carboxylate group gives a satisfactory explanation of the differ- 
ent trend. For the electrochemical differentiation and for the complex analy- 
sis of chromium salts the sulfonic acid-type of exchanger is more suitable 
than the carboxylate resin. The reason is that the high complexing power 
of the carboxyl ion introduces additional complications, its action not being 
limited strictly to the positively charged chromium complexes. This is par- 
ticularly important if the straight ionic reactions are to be evaluated. 

It should be noted that the heavy decline in the chrome fixation by the 
resins induced by incréasing the sodium chloride concentration of the solu- 
tions of the basic chromium sulfate, which also applies to additions of sodium 


sulfate, is not due to the introduction of compensating sodium ions in the 


form of these neutral salts. The evidence for this statement has been pre- 


sented in earlier papers (17, 20). The main cause is the shift of the equilib- 
rium between cationic and noncationic complexes in favor of the uncharged 
chromium complexes, which are not able to react with the ion exchangers. 

The main problem of this investigation centers around the data presented 
in Tables II-IV. It is evident from Table II that the protolytic equilibrium 
of the solutions of the basic chromium sulfate is shifted in the direction of 
increased formation of hydrochloric acid by the increase of the ionic strength 
of the solutions as to the Cl ion. From the data obtained by analysis of 
the specimens of the chromed hide powder before and after the treatment 
with pyridine, as well as from the estimation of the amounts of Cl and SO, 
ions in the residual pyridine solutions, it is evident that the quantities of 
Cl ions which are associated with the cationic protein groups and present 
as counterions, attached to the fixed chromium complexes with surplus 
positive charges, increase rapidly with augmented neutral-salt concentration. 
Finally, it is found that all the anions taken up by collagen from the solution 
of chromic sulfate made 4M in sodium chloride are Cl ions. This effect has 
nothing to do with any Donnan equilibrium, the establishing of which is out 
of question at the neutral-salt concentrations used. It is probably a result 
of the increased ionic strength of the chloride in the systems. 
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It should be noted that in the ionic attachment of the chloride both the 
cationic groups of the collagen and the surplus positive charge of the fixed 
chromium complexes are involved. While the number of sulfato-groups 
in the chromium complexes decreases gradually with increasing Cl ion 
concentration, as is the case with the SO, ions also, the incorporation of the 
Cl group into the fixed chromium complexes grows steadily until about half 
the sulfato-groups of the original sulfato-complex of the solutions are dis- 
placed. It has been observed earlier by the senior author (29) and by Merrill 
and Niedercorn (30) that about half of the complexly bound sulfate groups 
of ordinary chrome leather, 1.e., one equivalent SO, on two atoms of chromium, 
are very firmly held. An explanation for the unusual stability of this portion 
of the sulfato-groups is that they function as bridges between two chromium 
atoms. It is remarkable that in spite of these radical constitutional altera- 
tions of the chrome-collagen compounds, which result from the action of the 
chloride, the amount of chrome fixed by collagen is very little affected. Of 
course, the increased H-ion concentration, which implies fewer carboxylic 
ions of the collagen, tends to reduce the chrome uptake by the collagen also. 
Much more deep-going and far-reaching, however, is the effect of the added 
sodium chloride on the degree of stabilization that is brought about by the 
reaction of the chromium complexes with the skin protein, as is evident from 
the results of the boiling tests (Tables III and IV). 


As an introduction to the comments on the data obtained in the tanning 
of pelt, it should be stressed anew that in such systems, as well as in practical 
chrome tanning, the effect of neutral salts on the swelling and the physical 
state of the hide structure is of governing importance. Thus, in the absence 
of swelling-depressing salt in the solutions of chromium sulfates (Table III), 
the pelt will swell in the initial stage of chrome fixation. This will retard 
the diffusion of the chromium salt through the interior of the pelt and impair 
the tannage. By the addition of small amounts of sodium chloride (0.2M 
sodium chloride suffices) the chrome fixation will be greater than in solutions 
free from neutral salt. Moreover, the distribution of the fixed chromium 
complexes will be more uniform throughout the interior of the skin. Although 


the series of Tables III and IV are not strictly comparable in some respects, 


it should be noted that of the two solutions which do not contain sodium 
chloride (No. 1 in the respective tables) the one (in Table IV) containing 
one mole of sodium sulfate per mole Cr.O,; gives a leather of greater chrome 
content than the neutral salt—free solution (No. 1 in Table IIT). 


It was demonstrated in the early work of Wilson and Thomas (2) that by 
very heavy addition of salt the chromium uptake by collagen tends to be 
increased again. This is also shown by the figures for fixed chromium in 
Table IV and Fig. 3. It is well known that sodium chloride markedly in- 


creases the chromium fixation by collagen from solutions of basic chromium 
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chlorides (31). In the present instance the increased chrome uptake from 
the solutions made 4M in NaCl probably is due to the effect of the sodium 


chloride on the sulfato-chromium chloride formed under these conditions. 


As to the composition of the chrome-collagen compounds formed in the 
experiments with pelt (Table IIL), the findings parallel those of the hide 
powder series (Table I1). The anions combined are mainly Cl ions, and a 
marked displacement of complexly bound sulfate groups and penetration 
of Cl groups into the chromium complexes have taken place. A remarkable 
feature is that the chromium uptake has only been reduced by some 10-15% 
of the amount fixed by collagen from the solution devoid of salt by making 
the tanning solution 4M in NaCl, while the degree of hydrothermal stability 
of the leather obtained in this instance is radically impaired. The “‘boil- 
proof” leather of the straight sulfate tannage (No. 1) is changed into a leather 


which shrinks by 40% in area after tanning in the chrome bath containing 
$M NaCl. On the other hand, by making the solution of the 67%-acid 


chromium sulfate 2M in respect to sodium sulfate, the chromium uptake is 


cut down to half of the value obtained in the salt-free solution. However, 
the hydrothermal stability of the resulting leather is not detrimentally 
affected, since this leather resists the action of boiling water (8, 9). This 
contrary behavior of the two systems and the leather specimens produced 
is maintained after neutralization of the leather; hence, the difference is not 
accounted for by different acid contents of the specimens. The composition 
of the acido-chromium complexes in the differently tanned leather specimens, 
particularly the extent of the penetration of the Cl group into the chromium 
nucleus, appears to govern the stability of the chrome-collagen compounds 
obtained in tanning with cationic chromium complexes. 


It is known from earlier work (23) that when ordinary chrome leather 
(chromium sulfate tannage) that does not shrink in the boiling test is im- 
mersed for a few days in 2-4M sodium chloride, complete displacement of 
the ionic sulfate takes place, and about half of the total of sulfato-groups 
present in the original leather are removed. The final result is a drastic 
labilization of the leather, as shown by an area shrinkage of the order of 
30-50% in the boiling test. This fact adds further support to the view 
advanced of the importance of the composition of the fixed chromium com- 
plexes for the cross-linking of the elementary units of collagen as the primary 
factor in this neutral-salt effect. 


As noted earlier, and as demonstrated by the data in Table V, complete 
displacement of the sulfate groups directly attached to the chromium atoms 
in chrome leather occurs on repeated treatment of chromed hide powder with 
2-4M sodium chloride. Concomitantly an appreciable loss of irreversibly 
fixed chromium is noted. This indicates the rupture of some valency forces 
between the chromium complexes and the collagen, induced by this radical 





604 SALT EFFECT IN CHROME TANNING 


salt treatment. It should be noted that for labilization of the chromed 
collagen, the breaking of only one link in the bipointly fixed chromium complex 
should be necessary. The shift of the bipoint fixation of some chromium 
complexes in the direction of a more pronounced unipoint attachment to 
the collagen, with lowered degree of cross-linking, may well be induced by 
the mass action effect of the sodium chloride on the cationic chromium com- 


plexes. 


This problem is intimately connected with the distribution of the anions 
of the chromed collagen between the protein and the chromium complexes. 
Those chromium complexes that are not completely discharged by the car- 
boxyl ions of the collagen will carry surplus positive charges which have to 
be balanced by the anions. Hence, by estimation of the number of equivalents 
of anions per atom of chromium functioning as counterions in the fixed 
complex, the percentage of the chromium fixed which is present in bipoint 
and unipoint combination with the collagen can be evaluated (32). Such an 


approximation has been attempted, apparently yielding reasonable results, 


SO, 


Cc; cation, which can form 


for svstems with the bifunctiona Cr 


either one or two links with the carboxylic tons of collagen (32). The method 

33) is based on the fact that a fair assessment of the protein-bound acid 
is obtained by equilibration of the chromed collagen with water of pH 5.0 
and that all the anions including those functioning as the counterion to the 
hxed chromium complex can be estimated by equilibration at pH 8. An 
absolute requirement, however, is the complete inactivation of the carboxyl 
groups of the collagen by the chromium complexes. In the present instance 
any such approximation is not feasible, since the last-mentioned criterion 
is not fulfilled. Another mode of approach is the estimation of the number of 
free basic groups of collagen by determining the uptake of 0.1N hydrochloric 
acid on very brief interaction with the substrate (10 minutes). On account 
of the possible interaction of the added acid with the chrome complexes, 
brief treatment is essential. When the total amount of anions held by the 
chromed collagen is known, the protein-attached portion can be obtained 
by difference. However, this technique has not yet yielded the required 
information. The problem is still subject to further investigation. 


It appears to the authors, particularly with regard to the observed dis- 


placement of the irreversibly fixed sulfato-chromium complexes by sodium 
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chloride, that the final explanation of the present neutral-salt effect is to be 


found in the alterations of the cationic sulfato-chromium complexes by the 


mass action effect of the sodium chloride. Thereby, the cross-linking of the 


collagen units is impaired, particularly by the diminished facility of the 


chromium complexes for multipoint attachment to adjacent polypeptide 
chains or helical units of the collagen lattice. However, the only safe con- 
clusion to be drawn from the available information and the data presented 
is that by addition of sodium chloride in large quantities to the tanning bath 
of basic chromium sulfates, the main effect is the displacement by the chloride 
groups of sulfate ions and complexly bound sulfate groups commonly present 


in leathers of ordinary tannage with basic sulfates. 


SUMMARY 


The effect of addition of sodium chloride to solutions of basic chromium 
sulfates on the composition and the hydrothermal stability of the chrome- 


collagen compounds (chrome leather) is as follows: 


\s the concentration of Cl ions increases, the collagen shows preferred 
affinity for them. A more or less extensive displacement of sulfate anions 
takes place. In solutions 4M in chloride, the sulfate which exists in ionic 
combination in the chromed collagen is displaced completely. The com- 
plexly fixed sulfate groups show greater resistance to displacement by the 
neutral chloride; however, about half the sulfato groups are displaceable. 
\ marked impairment of the hydrothermal stability of the leather is the most 
characteristic result. Since the decrease of the chrome fixation induced by the 
added salt is rather small, it is believed that this detrimental effect is caused 
by the changes taking place in the chromium complexes on the penetration 
of Cl groups, which changes impair the ability of the complexes to cross-link 
and stabilize the protein. A shift of the reaction in the direction of a greater 
number of chromium complexes combined unipointly with collagen is sug- 
gested to be the governing factor. 


These researches have been financially supported by grants from Statens 
Tekniska Forskningsrad for which the authors express their thanks. 
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LIFE LINES 


Brief Biographies of Our Contributors 


Mitton BaILey supervises footwear development for the U. S. Navy 
Clothing and Textile Office. His contributions include a washable fur tan- 
nage, the water-resistant fleet shoe, a nonsolvent sole leather impregnation 
technology, and the Leather Grainometer. He conducts the seminar in shoe 
and leather technology at the New York City Community College of Applied 
Arts and Sciences. Before assuming his current position, Bailey was plant 
manager of Ruderman, Inc. His education includes a B.B.A. and M.S. from 
the College of the City of New York. He is an honor graduate of Pratt 
Institute School of Leather and Tanning Technology. He joined ALCA in 
1952 and has been active in the Joint ALCA-ASTM Leather Committee. 


Dr. THEONE C. Corpon received his B.S. and M.S. degrees from Utah 
State University and his Ph.D. from Rutgers University. He was associated 
with the New Jersey Experiment Station and the University of Idaho before 
becoming affiliated with the Eastern Regional Research Laboratory of the 
U.S. Department of Agriculture where he has conducted research on hides, 


tanning materials, and leather since 1942. 


\LFRED L. Everett is a graduate of Lehigh University, Bethlehem, Pa., 
receiving his degree in 1940. After almost five years in the Army he joined 
the staff of the Eastern Regional Research Laboratory, U. S. Department 
of Agriculture, in 1946. Since 1947 he has been concerned with research 
on hides and skins at the same location, now known as the Hides and Leather 
Laboratory, Eastern Utilization Research and Development Division. For 
the past several years he has conducted histological studies as part of the 


program on developing a process for enzymatic unhairing of hides. 


Dr. K. H. Gustavson—-See the August, 1957, Journal. 


OBITUARY 


GERARD KEVIL 


We have been advised that Gerard Kevil of International Shoe 


Company died suddenly very recently. Mr. Kevil joined ALCA 


in April, 1948, as an associate member and became an active 
member in December, 1957. The Association extends its sincere 
sympathy to relatives and friends. 
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ALCA NEWS 
Proceedings, Reports, Notices, and News 
of the 


AMERICAN LEATHER CHEMISTS ASSOCIATION 


OFFICERS 


President—Mirrn Marser, United Shoe Machinery Corporation, Research Division, 


Beverly, Massachusetts 


President-Elect—Revusen G. Henricu, B.D. Seeretary-Treasurer—F rev O' FLAHERTY, De 


Eisendrath Tanning Company, Racine, partment of Leather Research, University 


Wisconsin of Cincinnati, Cincinnati 21, Ohio 


Council 


CHartes A. Martin, E. Hubschman and Harotp R. Mitcer, Jr., Organic Chemicals 


: : Department, E. 1. du Pont de Nemours 
: 5 No rourt street, > : a) : 
Sons, Inc., 415 North Fourth vit & Company, Inc. Wilmington 99, Dela 
Philadelphia 23, Pennsylvania ware 


iia *: teen * Chics) Ian ©C. Somervitte, Rohm & Haas Com 
y oO , P s . opco 1e cu “ “ 
I pany, 5000 North Richmond St., Phila 
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Davin Witson, Fred Rueping Leather 


Company, Fond du Lac, Wisconsin 


PAST PRESIDENTS OF THE A.L.C.A 


G. A. Kerr, W. H. Teas, H.C. Reep, J. Ho. Yocum, F. H. Smacr, H. T. Witson, J. TE. Rossen 
F. P. Verrcn, W. K. Ausop, L. E. Levi, C. R. Operrecyt, R. W. Groerita, ©. C. Smoor, IIT, 
J. 5. Rocers, Luoyp Bavprerston, J. A. Witsox, R. W. Frey, G. D. McLauauuin, Frep 
O'Fvanerty, A. C. Ortumann, H. B. Merrity, V. J. Muesnex, J. H. Hicghsercer, Dean 
Witurams, T. F. Opertanper, A. H. Winnem, R. M. Koprennorerer, H. G. Turvery, 
E. S. Fionn, E. B. Toorstensen 


POSITION WANTED 


Competent, experienced leather chemist, ALCA member since 1948, Ph.D., 
desires any kind of useful work, preferably organic and physical chemistry of 
leather and tannages. Address Box T-651, ¢ 0 Secretary, American Leather 
Chemists Association, Cincinnati 21, Ohio. 
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Thermal Shrinkage of Collagen in Solutions of Electrolytes. W. G. 
Crewther and L. M. Dowling. J. Phys. Chem., 62, 678-84 (1958).—Measure- 
ments were made of the rate of shrinkage of kangaroo tail tendons, at 50° and 
60°C., at pH values from 2 to 12, in solutions of various salts. Time in minutes 
for 50¢¢ shrinkage was determined. The pH values were controlled by 0.1M 
buffers. and the kind of buffer salt used had some influence on the results, but 
such effects are believed to be small compared to those of the much higher 
concentrations of neutral salts that were employed. The tendons were soaked 
24 to 6O hr. at 2°C. in the test solutions before carrying out the determinations. 
At 50°C. in the absence of added salt (other than the 0.1.W buffer) the tendons 
shrank instantly at pH values 2 to 4 and 11.5 to 12. and showed no perceptibl 
shrink at pH values 6 to 10. At 60°C. measurable rates of shrink were found 
at all pH values except 9. Shrinkage tests at 50°C.. in 1M NaCl. NaBr, Nal. 
LiCl LiBr. Lil. KBr. KI. and Cal.. showed in general that the salts retarded 
shrinkage both at low and high pH values and accelerated shrinkage at inter 
mediate pH values, Tests with various concentrations of salt up to 3M showed 
that rate of shrinkage increased with salt concentration at pH 9, but at pH 2 
the rate of shrinkage decreased to a minimum and then increased with further 
increase in concentration. These effects. and specific effects of individual salts 
(which are very marked), are explained by the assumption that anions are ad- 
sorbed preferentially at the protein-solution interface, thereby decreasing the 
positive. or increasing the negative. charge on the protein. thus lowering the 
thermal stability of the protein at pH values above the isoelectric point and 
increasing it at pH values on the acid side. Adsorption of the anions varies 
inversely with hydration of the anion and directly with hydration of the cation. 
The shape of the shrinkage curves indicates that shrinkage is not simply the 
conversion of native to denatured collagen by a first-order reaction. The units 
of structure of the collagen are converted to the denatured form in a random 
manner by a first-order reaction, but the denatured units are initially prevented 
from contracting completely by the rigidity of the residual native collagen, 


H.B.M. 


Measurement of the Modulus of Elasticity as a Factory Control 
Method. G. Téth. V. Posa. and J. Kerese. Das Leder, 9, 56-61 (1958). 
Measurements of bending elasticity with a modified Schopper tester have been 
used for 4 years for factory control. To obtain consistent results the following 
conditions were essential: (1) the relation between thickness of test specimen 
and span must he constant: (2) bending must continue until the 2 specimen 
ends are at an angle of 90°; (3) the load must be applied to the flesh side: and 
(4) the specimen must be bent at least 20 times before testing. Specimens were 
taken in the location specified for tear specimens. calculating the number of 
specimens by the formula 0.7 \/ "(but not less than 10.) Specimens were 4—5 cm. 
wide and 40 times as long as thick. After being conditioned for 24 hr. at 65° 
relative humidity. they were bent through 180° around a cylinder whose diameter 
was 25 times the leather thickness. bending 20 times with the grain and 20 times 
with the flesh out. Measurements on wet leather were made in the same manne 
after first soaking for 25 hr. in 5 volumes of water at 20°C. For testing. the 
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specimen was supported by 2 rollers held in a frame attached to the upper jaw 
of the tester. The distance between rollers was adjusted to 25 times the thickness 
of the leather (less 0.71 d. where d is the diameter of the rollers). The load was 
applied to the center of the specimen by means of a roller attached to the 
lower jaw of the tester (speed 15 cm/min). and the load was increased until 
the ends of the specimen were at an angle of 90° with each other, or until the 
specimen slipped through between the rollers. Several tests were made on each 
specimen and averaged. The modulus was calculated from the formula 


Lor t 


a bs 


where P is load. / is span. and a is width. and b is thickness of specimen. 

Results of about 10.000 measurements are summarized. Standard deviations. 
based on results for 1 month, were about 2067 for dry and 3067 for wet 
specimens. Control by the modulus made it possible to supply leather of just the 
firmness desired by the purchaser. There was good agreement between the modu 
lus and subjective quality grade. In many cases leathers with a high modulus 
were more resistant to abrasion than those with a low modulus but not always. 
Important conclusions regarding quality. origin. and method of manufacture of 
sole croupons can be derived from data for modulus by bending. The relation 
hetween the moduli of elasticity by bending. by stretching. and by compressing 
was investigated. The modulus by stretch was greatest for all types of leather. 


that by compression lowest. and that by bending intermediate. The compression 
modulus, however. increased with increasing pressure. a phenomenon related to 
porosity. The modulus of the flesh layer was much higher than that of the grain 
layer. Higher bending loads were therefore needed for a given strain when the 
load was applied to the grain than to the flesh surface of a specimen because the 
flesh layer has less stretch. Of the 3 elasticity measurements. that by bending was 
most rapid and therefore was best for control work. Lae. 


The Configuration of Polypeptide Chains in Proteins. RK. B. Corey and 
SS Pauling. Ibid. B, 249-67. The object of this paper Is to show how prec ise 
dimensions obtained experimentally from simple substances can be used together 
with fundamental structural principles to derive probable configurations for 
the polypeptide chain that are so precisely defined that they can be critically 
evaluated by direct experiment. The derivations of two helical configurations 
and of the pleated sheet configurations are described. There is strong evidence 
that the a-helix is a fundamental structural component of certain synthetic pols 
peptides and of a-keratin and other proteins of the «-configuration. The anti- 
parallel-chain pleated sheet has been found to represent the arrangement of the 
polypeptide chains in Bombyx mori and Tussah silk fibroins. The parallel-chain 
pleated sheet may well be the structural basis of the 8-keratin proteins. but its 
presence has not been confirmed by comparion of observed and calculated 
X-ray pattern. Author's summary. 
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IT 
CHEMICALS... 


The Keys to Quality 


From rugged sole leather to the soft, luxuri- 
ous leather for gloves, Nopeo tanning prod- 
ucts insure such characteristics as uni- 
formity, pliability, strength, softness and 
durability. 

For detailed information about Nopco 
chemical products, plus Nopco research fa- 
cilities, available to you, simply write to the 
Tanning Oil Division or consult with the 
Nopco technical service representative in 
your area. 


Nopco chemicals for the leather industry include: 


e Anti-Oxidant and Masking Agents e Degreasing Agents 
¢ Emulsifiers and Penetrants ¢ Sponging Compounds 
e Fat Liquors e Specialty Items 


VITAL INGREDIENTS FOR VITAL INDUSTRIES 


NOPCO CHEMICAL COMPANY, HARRISON, NJ. 


PLANTS: Harrison, N.J. * Cedartown, Ga. * Richmond, Calif. * London, Canada 





e biobate is a highly standardized bating compound of extreme stability. 


e biobate provides controlled, effective enzyme action during bating 


for all types of leather. 


e biobate is adaptable to all bating conditions and procedures. 


SEBACOL 


¢ for dependable unhairing 
sebacol produces clean, uniform quality leather 
under varied beamhouse practices. 


STEROZOL 


e reliable germicide 
sterozol inhibits bacterial action and mold growth 
on raw stock and leather in process. 


WALLERSTEIN COMPANY, INC. - 180 MADISON AVENUE, NEW YORK 16,N. Y. 
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For better 


SOLIDS 


WRIDTES 


neutralize your leathers with 
SOLVAY AMMONIUM BICARBONATE 


For finer, truer tones in solids, pastels and whites, leathers 
need the superior neutralizing action of So.vay Ammonium 
Bicarbonate. It penetrates deeper and is milder—pH is only 
7.8. This superior neutralization helps produce better quality 
leather and makes possible deep and uniform penetration of 
dyes. And Sotvay Ammonium Bicarbonate can be used in an 
economical 114% solution. For extra savings, order in 100-lb. 
vapor-barrier bags. 


For sample, write your nearest SOLVAY office. 


OTHER PRODUCTS ein aos 
FOR TANNERS Ney 
Solvay Cleansing Soda X 


Mutual Koreon M and X 
Solvay Cleansing Soda XX 


Tce 
SOLVAY PROCESS DIVISION 
Mutual Sodium Bichromate — 61 Broadway, New York 6, N. 


R 
Solvay Snowflake” Crystals Branch Sales Offices: Boston * Charlotte * Chicago ¢ Cincinnati 


Mutual Potassium Bichromate Cleveland © Detroit * Houston * New Orleans * New York 
Philadelphia * Pittsburgh ¢ St. Louis * Syracuse 





Comes First 


LEATHER and SHOES believes 
in the “Golden Rule” of journalism 
--serves its readers first. It has no 


ai ” . . 
sacred cows’ nor prejudices. 


Because of this, it is first choice of 
the industry’s key executives. L&S 
is the most widely read and quoted 
paper in its field, and leads in paid 
(audited) circulation, subscription and 


advertising receipts. 


Readers and advertisers benefit most 
by this policy. That’s why its sub- 
scription list and advertising indexes 


read like the Who’s Who of the in- 
dustry. 


LEATHER and SHOES 


THE MAGAZINE FOR EXECUTIVES 


300 West Adams Street 
CHICAGO 6, ILLINOIS 











for uniformity in 
Chrome Tanning 
specify 
dependable 


SODIUM BICH 


When you use Mutual Sodium Bichromate in the preparation of your chromic 
tanning bath you can be confident that there will be dependable consistency in 
its traditional high quality. The unvarving high purity of Mutual’s product elimi- 
nates the possibility of bichromate problems in liquor formulations. This is 
assured by Mutual’s rigid continuous quality control testing during manufacture. 

Remember, too, that Mutual technical service, backed by over 100 years of 
manufacturing experience, is available to you when you need it—from Amer- 
ica’s first producer of chromium chemicals. 


SOLVAY PROCESS DIVISION 


Dept. 5, 61 Broadway, N. Y. 6, N. Y 
llied SOLVAY PROCESS ret mee 


Bulletin No. 107—“Preparing Basic Chromic 
Ps DIVISION Sulfate Tanning Liquors from Sodium Bi- 
hemical 61 Broadway, New York 6, N.Y chromate 
Bulletin No. 108—“Analytical Methods for 
Bichromate Reduction Control 


Booklet No. 54 — “KOREON One-bath 


Chrome Tan for Leather 
For those who want a prepared one-bath chrome 


NAME 
tan of assured uniformity, Mutual supplies 7 
KOREON in two types — KOREON M at 33-35 POSITION 


basicity and KOREON X at 50-52% basicity COMPANY 


STREET 
MUTUAL chromium chemicals are available through dealers and ciTy 
SOLVAY branch offices located in major centers from 


coast to coast 
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MORITE BRAND 


Sulphonated and Compounded 
EST. 1908 EST. 1908 


OILS 


WHITTEMORE-WRIGHT COMPANY. INE. 
62 ALFORD ST. CHARLESTOWN DISTRICT BOSTON, MASS. 








4 The Original Dry Color 
PRESTO ——— 
P PRESTO COLOR COMPANY 


WEST ALLIS 14, WIS. 


Dry Colors + + Finishes 





Los Angeles Kansas City 
New York Philadelphia 
Distributors located in principal cities throughout the U.S.A. Chicago Cleveland 





THOROUGH TANNING 
IN LESS TIME 


Numerous tanners and finishers report that Sun Leather 
Process Oils make their processing fast and easy because 
they mix easily, act fast, provide uniform fiber lubrication. 
Sun Leather Process Oils do not form surface scum...tan- 
nage is thorough and even...leathers are stronger and 
better looking. 

For details, prices and delivery information, call your 
nearest Sun representative or write to... 


INDUSTRIAL PRODUCTS DEPARTMENT <@SUWNOC 
SUN OIL COMPANY 


PHILA. 3, PA. + SUN OIL COMPANY LIMITED, TORONTO & MONTREAL 


© Sun Oil Company 


EISENDRATH rine CALF LEATHERS 


IN COLORS AND BLACK 


| 


B. D. Eisendrath Tanning Company 
RACINE, WISCONSIN 


92 South St., Boston, Mess., Day Gormley Leather Co 29 W. 36th St., New York City, Eugene Williams 
1358 S. Hill St., Los Angeles 15, Calif., David V. Whiting Co, 


THE OHIO LEATHER CO. THE 
Quality Calf Leather ORTHMANN LABORATORIES 


AUG. C. ORTHMANN, Pres. INC. 
LUXOR - BLACK JETTA 


KAFFORITE - KOZY - JILL JETTA 
EMBOSSED CALF - WHITE WASHETTE 


TANNERY AND GENERAL OFFICES: 
wee age 407 E. MICH., MILWAUKEE, WIS. 


BOSTON - NEW YORK - ST. LOUIS - CHICAGO Phone: BROADWAY 6 - 6426 -27 





CALOPHYL C-I10 


for fuller leather with a pleasant, round feel 


® Penetrates to the center, exhausting the fat 


liquor with it 
e Adds weight and plumpness. Does not lay « 
surface or wash out 


® Dissolves instantly in tap water 


* Compatible over a wide pH range 


© ALSO excellent as a sealer in the base coat 


and for grinding pigments 


APEX CHEMICAL CO. INC. 


Manufacturers of Chemicals since 1900 


200 South First St. Elizabethport 1, N. J. 
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TESTING AND RESEARCH 


CORPORATION 


PORT ALLEGANY, PENNA 


PROGRESS WITH 
RUE a 
ray 


7S ee 


Compounds - Chemicals - Powdered Tanning Materials 
Alnehyde Resins - Wheeling Resins 











1-2-3 





REILLY- 
WHITEMAN- 
WALTON CO. 


(Tous, 7 


CONSHOHOCKEN, PA. 


ESTABLISHED 1883 
Exclusively a Tannery Paper 
Devoted to Leather Technology, Tanning and Finishing of 


Leather, Tannery News and Markets. 


Affords complete tannery coverage, concentrated among 
tanners, chemists and buyers of materials, raw stock and 
equipment. 

Technical articles and newsworthy 

features invited for publication. 


THE LEATHER MANUFACTURER 


NEW YORK OFFICE BOSTON OFFICE 
154 Nassau St. 683 Atlantic Ave. 





a Eri Ce ee ee 
Pte Me eM ee ea ed 
consistently better milk of lime. 
BQ eeel Me te eRe Race ee meu 
for uniform purity, analysis and physical 
properties. 
WARNER COMPANY, Bellefonte Division, Bellefonte, Pa. 
eT ie Pittsburgh 


TANNERY OILS 


IA 
AND FAT LIQUORS 
TANNERY OILS 

W-W 


FOR ALL TYPES OF LEATHER 


MARDEN-WILD CORPORATION 


500 COLUMBIA STREET, SOMERVILLE, MASS. 
MARDEN-WILD OF CANADA LTD., HALIFAX, N. S. 


Salem Oil & Grease Co. 


FAT LIQUORS 
FEATURING 
CONTROLLED PENETRATION 


SALEM. MASSACHUSETTS 
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STANDARD HIDE POWDER 


A material made to specifications and used internationally 


for the analysis of vegetable tanning materials 


FRANK F. MARSHALL 
RIDGWAY - PENNSYLVANIA 


KEPECO FINNALINE KEPOLAC 
EMULLO KEEPA-SHINE FONDO 
UNI-LAK 


(Reg. U. S. Pat. Office) 


KEPEC CHEMICAL CORPORATION 


MILWAUKEE I, WISCONSIN 


PRIME LEATHER FINISHES COMPANY 


188-194 S. 2nd STREET R.57 GROVE STREET 
MILWAUKEE 4, WIS. SALEM, MASS. 


Garden State Tanning Inc. 


Pine Grove, Pa. by the Investigation of Matter’. 


“The Extension of Knowledge is 


This space dedicated to 
Manufacturers of 
Tanner's Council Research Laboratory 


Upholstery Leather Nex tail 


New York Office 330 Fifth Avenue 





XXXIV 


~ LEATHER and 
MATERIALS 


CONSULTING « TESTING « RESEARCH « DEVELOPMENT 
for the 
TANNING AND ALLIED INDUSTRIES 
Specialists: Sampling and Testing of Tanning Materials 
UNITED STATES TESTING COMPANY 


INCORPORATED 
1950 Park Avenue, Hoboken, N. J. 


Tinis es 


Jar all types of 


Ail. 
NEWARK 


LEATHER FINISH CO. 


HARRISON, N. J. 


Telephone HUmboldt 2-5072 


8 WILHELM ST. 





NEW CHROMIUM COMPOUNDS 


for the Progressive 
TANNING CHEMIST 
NUCHROME 


Pure Basic Chromic Sulfat 


» sodium, aluminum 
DRY (35% Cr.O.) 
LIQUID (25% Cr,O 


CHROMIC CHLORIDE 
CHROMIC ACETATI 

CHROMIC FORMATE 

CHROME ALUM AND OTHERS 


FIBER CHEMICAL CORPORATION 


P. 0. BOX 218 MATAWAN, N. J. 


JOHNSON AND CARLSON 
We Manufacture and Install 


DRUMS - VATS - PADDLES - WOOD TANKS 


Suppliers of V-Belts. Sprockets, Motors, Chain and Other Tannery Equipment 


848 EASTMAN ST.,. CHICAGO 22, ILL. 


“ADE Il AN" LIQUID QUEBRACHO FILADE 
GAMBADE EXTRACT DRIPASTE 


THE TANNADE COMPANY 


2136 DOMINICK ST., CHICAGO, ILLINOIS 





THE STAMP OF DEPENDABILITY 


<0] Fxo> 


SULPHONATED OILS and 
FATLIQUORS — SUEDE SPRAYS 
CROCK ELIMINATORS 
WATERPROOFING SPECIALTIES 


EASTERN INDUSTRIAL OIL PRODUCTS CO. 


SAUGUS, MASS. 


EASTERN OIL OF MEXICO PASEO DE LA REFORMA 95 MEXICO DF 


EXPORT AGENT: WOLFF—INTERNATIONAL, Milwaukee, Wisconsin 


EQUIPMENT ... «.. 


TANNING INDUSTRY 


ROTO-SPRAY (4 or & Gun) 

PASTED LEATHER DRYERS 

TOGGLE DRYERS 

POLE AND HOOK TYPE CONVEYOR DRYERS 
SEASONED SKIN AND SPRAYED FINISH DRYERS 
WASHED CATTLE HAIR DRYERS 


PROCTOR & SCHWARTZ, inc. Phitadeiphia 20, Pa. 


EXCLUSIVE SALES REPRESENTATIVE FOR 
LU Cc I E N B U Cc K THE LEATHER INDUSTRY 
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RESEARCH 
has Two functions A. W. HOPTON 


To produce a better Product and 


to do it More Economically. 7 


Leather processes, 
Treatments 


THE TANNERS’ COUNCIL 
RESEARCH LABORATORY Experimental hf 
UNIVERSITY OF CINCINNATI Tannage Facilities 


Testing: Wear, 
Heat, Water 


Research is the seeds Resistance, etc. 


of Tomorrow's Profits 
Support it and it 
will Support the Industry 


Consulting — 
Research 


Office — Lab, 19th St. 
NIAGARA FALLS, N. Y. 


Fred O'Flaherty 





CALGON Pre-Tan 


the tanning time saver that 
produces better leather 


Calgon Pre-Tan cuts tanning time to 
one-third or one-fourth the normal 
time when it is used before vegetable 
tanning. This is because Calgon’s 
quick action speeds up the penetra- 
tion of vegetable liquors, hastening 
the tanning process. 
Besides being a time and money 
saver, Calgon adds to the quality of 
leather. Calgon’s dispersive action 
and ability to combine with proteins 
produce tanned leather that’s ex- 
ceptionally free from stains, has a 
dense grain structure, and a long 
silky fiber that contributes greatly to 
tensile strength. 
For high quality leather and faster 
tanning, try Calgon Pre-Tan. Write CALGON 
now for your free copy of ‘‘Calgon COMPANY 
Data for the Leather Chemist.”’ DIVISION OF HAGAN CHEMICALS & CONTROLS. INC 
{$} HAGAN BUILDING, PITTSBURGH 30, PENNSYLVANIA 


*Calgon is the Registered Trademark of Calgon DIVISIONS. CALGON COMPANY, HALL LABORATORIES 


Company for its glassy sodium phosphate products IM CANADA: HAGAN CORPORATION (CANADA) LIMITED, TORONTO 
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CONSULTING SERVICE 


Technical consultation is available for improving your leather, 
reducing your costs and developing new leathers and finishes. 
More than 40 years practical application of Scientific Research 
to Leather manufacturing. 


ADOLF SCHUBERT, 549 W. Washington Blvd., CHICAGO, ILL 


THE AULSON Lanning 
4. Machinery Co. 


he Branch Office under direction of 
E. R. Aulson, Waukegan, II! 


HOES LEATHER CO. Ie 
BONA ALLEN, ING. | — sove veatner 


Buford, Georgia SIDE LEATHER 


TANNERS SINCE 1873 ° 


’ Tanners Cut Sole Division 


Finest English Rein 
and Strap Leather 


Latigotan Harness Leather CUT SOLES 


Manufacturers of genuine English 
type and full rigged hand tooled 
roping saddles. 


BOSTON, MASS. 
ST. LOUIS, MO. CHICAGO, ILL. 





LOWELL TECHNOLOGICAL INSTITUTE 


LOWELL, MASSACHUSETTS 


60-year old, coeducational, state-operated college 


offers a four-year course in 


LEATHER ENGINEERING 


leading to the BACHELOR OF SCIENCE degree 


Emphasis is placed upon the fundamentals of engineering including mathematics, 
physics, chemistry, and theoretical and applied mechanics and the application of 
basic scientific principles to leather technology. 


Applicants must be qualified 
high-school graduates 


Advanced transfer credits 


For further information and college catalogue 
are also accepted 


write Dr. Albert E. Chouinard, Head of the 
Several scholarships available Leather Engineering Department 


RESEARCH Technology is the 
PAYS DIVIDENDS handmaiden of 


all chemical Industries 
Technology is 
born of Research 


when Properly Applied. 


THE TANNER’S COUNCIL 
RESEARCH LABORATORY Fred O'Flaherty 


University of Cincinnati 


E. F. DREW & CO., INC. BorNEO CUTCH extract 


BOONTON, N. J. (MANGROVE BARK EXTRACT) 


MANUFACTURERS OF 


LEATHER OIL PRODUCTS SAXE CUTCH CORPORATION 
500 FIFTH AVE., NEW YORK 36, N.Y. 
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Chicken Farmer Tells Why Egg Yolk Varies 


From Batch to Batch-- Recommends Synova 


A few weeks ago a down-east chicken farmer threw new light on an 
old tanning problem. He was asked why he didn't encourage his hens to 
lay egg yolks that were uniform from month to month. 


His answer may be old stuff to oldtime tanners. ‘'Nothin' | do ever 
changes their feeding habits,"' he confided. Then he added some help- 
ful advice, "Eggs is fer eatin' and Synova's fer tannin’. A suggestion 
that makes good sense to many modern tanners. 


Synova is Uniform 


For Synova is a true egg yolk synthetic that is absolutely uniform 
from batch to batch and from season to season. By using uniform 
Synova, tanners are able to upgrade their leather on the table. 


Synova has long storage stability too. Every supply drawn from 
warehouse has precisely the same properties as every other. This saves 
time, upgrades stock. Another time saver ... Synova can be used at tem- 
peratures up to 130°F., eliminating chill floating and door changing. 


And plenty of money is saved as Synova is equivalent to a 5!2q 
egg yolk . . . goes four times as far too. Costs run 22% less. Freight, 
handling and storage are cut by 75%. Stock can be held in sammy with- 
out mold. 


Try a Sample 


Sounds like a tall order for ANY fatliquor. And maybe it is. Yet 
all these advantages offered by Synova have been proved over and over 
again by profit-minded tanners. 


Perhaps you're now using natural egg yolk or a "replacement" and 
want to improve your leather and sweeten your profits. Then modern 
Synova is meant for you. Try it ona no-risk basis. Let us ship you a trial 
sample. Write or phone today. 


It’s time you switched to Synova! 


SEABOARD CHEMICALS, INC. 
Dept. 10D, 30 Foster St. 


Salem, Massachusetts 


In Canada: Tennant Union, Ltd., Toronto 
Overseas Export: Wolff International, Inc., Milwaukee, Wisconsin, U. S. A. 
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